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PREFACE 


Tmk tmnf* on evohrtion indkidnl in tliu bdkdc have 
not been iiiacetl in the onfer of their ordinal p^icaliMi. 
but are grotiped aocordii^ to the reUtioi«dii|) of dae 
•obfccti wtUi which they deal The hrit w cixioemed 
with the dme in which evokidoo took place, and b a rqtly 
to the bte Ijoed Saibbury's contentioa that the ti^e of die 
habhabir gkdw is not sul^ient for the proceiK as con- 
ceived by Darwin and Wallace. The aecond aiteinfNs 
to de^ the nuienal which has been subject u> or]ganic 
evoht ti ai i ■T^c t e The third oontrasu the Darwin- 
Wahace with the Lamarck -J^ieoccr theofy uf evoltitioiL 
Memliiy, the arbiter b e twe e n the two rival theoriea, 
ienm the wlyeci of the fourth and hfth mays. The 
math dents with a neglected episode in the hbuMy* of 
nuihm views on heredity and evolution, and shows how 
they store bom o«i of due time but afterwards died in 
die riM of Jamen Cowles t'nchard. the great anthrapo- 
tofwb The seveMh, discusaing Husky’s attitode 
inwards Namnd Selection, maintains that above all it is 
the tnporicnee of the student of hving natiwe whidi 
h n y i rw i eonfideiee m the theory. The eighth and ninth 
majli lorw dm nannral rondnaadon of the argwnent of 
tht iKMMh, and tdww that the i wiwense namber of Escts 
mtitr M Unfary am coaiisWBt with an imerpreta* 
dM ImmI cm Kumnl Seleccion. mid io co t tsbi e ot with 
cdkir iMM^iisd cxfluHtioM. The mgwweRt of iho 
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seventh, eighth, and ninth essays being Concerned witn 
the value of the visible surface of animals in the struggle 
for life, it was considered appropriate to include under 
the tenth head, and to illustrate by many examples, a 
comprehensive classification of the various uses which 
external colouring and appearance may subserve. 

It will, I think, be realized that, although the separate 
essa)’s u ere delivered as addresses or published on various 
occasions and at very different dates, they are the expres- 
sion of a continuous line of thought, and therefore fall 
together as naturally as if the> had been written at one 
time, for the purposes of the present volume 
A certain amount of overlap is necessary in cssaj"* 
dealing with closely related subjects An)' inconvenience 
from this cause and the scattered use of e-xamplcs, in- 
evitable in an essa), will be removed by consulting the 
Appendix and the analytical index, to the prc{)aration of 
which much time and labour have been devoted 

Wherever the progress of knowledge has led to modifi- 
cation of statement or conclu.sion the necessar)' alterations 
have been made These arc in the form of footnotes 
whenever the importance and interest of the advance it 
such as to call for prominence In other cas<*s I have not 
hesitated to alter the text, Whether right or wrong, the 
arguments and conclusions m this volume of essay's 
represent ni) views at the prc.sent moment 
It will be observed that the style of the tfiird essay 
differs from that of all the others. This is because it is 
the revised shorthand record of an address, spoken not 
read. The seventh (hitherto unpublished) and ninth 
addresses were akso spoken, but the corrcspoi^ng essays 
were written subsequently from the notes. They thei«> 
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(ore contain nAch was omitted from want of time 

tibe intcfruption caused by the exhibition of numen^us 
iUustrationa The last and longest essay has been writlCfi 
for the present volume. Its title, TAg Plact of Mimi^y 
m a Seketfu of Defensivt Cohraiion, formed the subject 
of a lecture delivered seventeen years ago. I have now 
attempted to discuss the same question, replacing the 
standpoint of 1890 by that of 1907, and directing special 
attention to the advance which has been made in tlie 
interval between these two dates. 

Mcndelism and Mutation, which occupy so large a share 
of public attention at the present moment, are not directly 
discussed in any of the essays. The relation of these 
interesting modern researches and speculations to older 
theories of evolution is briefly considered in an intro- 
ductory chapter, in which it is maintained that the 
conclusions supported in the present volume arc incon- 
sistent with a theory of evolution by Mutation, inconsistent 
with the views often expressed by Mendelians, but not 
inconsistent with the discoveries of Mendel himself. ’ 

A full reference to the original source of publication will 
be found in the introductory note to those essays which 
have already appeared. I desire to thank the administra- 
tive bodies of scientific societies and the proprietors of 
journals for permission to reprint from the publications 
under their control. 

Much invaluable assistance has been rendered hy kind 
frknds in the preparation of this volume or of the original 
addrei»es. A large part of the first essay on the age of 
the earth could never have been written without the help 
ef Pttrfesior Perry, F.R.S., vdio has now kindly contri- ; 
tWied a note (p* 15) on the bearing of the discovery 
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Radium upon the argument founded on (he iJie 

sun. The hiatus in my ailment caused by the want of 
any reference to the evolution of land-plants has now 
been to some extent filled by a brief summary of tbemun 
conclusions, prepared for me by my kind friend Dr. D, H 
Scott, F.R.S. . also by a quotation from an address by 
Professor A C Seward, F.R.S. I well remember how 
much I owed to tiie kmc! help of my friend Sir Ray 
Lankester, F.R.S , in the difficult tosk of summing up 
m a few ^\o^cls the chief conclusions as to the origin and 
history of each of the main branches of the animaJ 
kingdom. And essential parts of the second and fifth 
essa}s are clue to his published writings, or have sprung 
from the memor\ of discussions with him. 

Ill rewriting large prts of (he founh cs»ay 1 oive a 
great debt to Dr J. W. jeiikinson for valuable sugges* 
tions and criticism Witfiont the help of one who u 
demoting Ins l,fe t„ die subject. I sl,ould have shrunk 
from the attempt to d, .splay m a few pages the main con- 
clusions of the nmdern embrj-ologist as to the potcntiali- 
les latent m the germ, and their gradual cmeiWnce 

.IIT ’■ <*» 

It "'fyeessary to speak I, -re individually of dl the 

- -'"■-i .k. 

.^ys vilxta, »ixc«ii,or 
Mimicry, All such h I ' RcsembUoce and 

my friends Dr. F A Dis ^'sp^'cially lo lh^ 

^ot only do their tea:2r' 

clement to this volume but "’«« mpOltm 

'also owe them a deep drtt 



PREFACE 

gmtitiMie (cfr continual advice and criticttm, and 
moat efficient assistance in correcting proofs and verifyii^f 
references. ^ 

I have attempted to express my indebtedness to Pr^ 
fessor Meldola, F.R.S., by dedicating this volume to hint 
His writings were the original stimulus to which I owe 
the work of my life, and during nearly a quarter of a 
century devoted to that work I have relied probably even 
more than I am myself aware u{x>n his sympathy and 
help. The great names of Darwin and Wallace are 
associated with Mcldola's in the dedication, thus express* 
ing» although very insufficient!), my sense of an im* 
measurable debt of gratitude The life and immortal 
work of Danv'in are a heritage of inspiration to every 
naturalist. To Alfrcil Russel Wallace I ow^e not only the 
stimulus of epoch-making thoughts, but the incalcubble 
influence of long )cars of fnendship and encouragement. 


( hfOULi, 

Murxk 31 , 


HOWARD H. PODLTON. 
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p 3, J 15 For ' Jenkins ' read jtnkin^' 

P 199 J *3 f'o'' ‘ '• 

p 240,1 2 For ‘ cad Dismorpkia*. 

p 272 , 1 4 from boitoni PLuc Ilehconiae ' l>ctwc<“n ’ DaoaijM' Md 
' Nymphaline ’ 

p 274. Further coiMdiriiion has IttJ lo ihc cork'hiMn thw Atmm 
pIcMppus originall} invaded North Amerna from the irof^t of llic 
( 3 kl World and not from tro[ML.iJ Amenca. 'IV argitflitiil iMI 
p 274 i> not aflectcd 

p 277, lines H 9 from hoitoni. I cr ariil ' read *(D*OIMMd 

HdiL vmdae ) ' 

j) 288, line^ 18, 19 1 f^r dhy'diUKu^ read ' /4i f 



INTRODUCTlOi^ 


MUTATION, MENDELISM, AND NATURAL 
SELECTION 

The essays in this volume do not deal with the 
questions of Mutation and Mendelism which are so much 
discussed at the present time. It did not conve in my way 
to examine them carefully until quite recently. When, 
however, I did look into the English publications on these 
subjects and the earlier uork of Bateson on Variation, I 
was almost startled at the narrowness and prejudice which 
were continually apprent. Bateson’s writings appear to 
me to have introduced a new and most regrettable 
element into scientific controversy. I cannot therefore 
let this book go to press without the following pages. 
The writings to which I have alluded are injurious to 
Biok^'cal Science, and a hindrance in the attempt 
to solve the problem of Evolution, for the following 
reasons:— 

I. The amount of dogmatism concerning work with 
which the writer is evidently imperfectly ac- 
quainted. 

s. The assumptions made by Mutationists on the 
slenderest evidence. 

3. The appropriation under the name of Mendel of 

results which the present generation owes to 
Weisroana 

4. The exaggerated estimate of the importance for 
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Evolution of, first, Bateson's work on Variation, 
secondly Mendel’s interesting discovery* 

5. The contemptuous depreciation of other tines of 

invesugation directly inspired by the work and 
teaching of Darwin and Wallace. 

6. The natural consequence of this last: — a wide- 

spread belief among the ill-informed that the 
teachings of the founders of modem biology are 
abandoned. 

1 should wish to add that, although solely responsible 
for the contents of this Introductory chapter, I did not 
venture to publish it without consulting a number of 
the leading zoologists and botanists in this country. 
Without a single exception my friends ag^reed with the 
general line of argument, and felt with me that the protest 
was called for. 


I tvo/utwn, LoniiPiuotK or IhsiOniinu^HS. 

Although tho word Muutio,, ■ „ in nddeot* 

m the openmg ,.ea„ „f century-., it i, 
some new and tlluminating idea-the conccution of Uk 
ongm of specte, b, ,ndde„ step, i, i„ reality veo, oU. 

The terms Continuous and DI*„„ti„„om, are rfcooree 
merely relattve, as Bateson ha, etarly anre,«<| 7 - 
In proportton as the transiti,,, from teTrllT 

- wnt iirrs of 

In I. linnae 

""'ofT-' ' 

--nous, -Isr t' « 

' M tht Study 0/ Variant. \ a - ^ 

after quoted as On VnnatL^ ' p. IJ. H««. 



A TOO-ASSEimVE CONTINUITY xtf 

wNdi i&ikes Bateson^ and dioae who follow hiin ; * but 
it ta tho cofttmuity whicb rather aggressively tmpresset 
the great majority of those whose lives are dewted to tb^ 
study of species. The wc» 1 c of the systematist wou]({ 
be immensely facilitated by that very discontinuity which 
is always eluding him, but obtrudes itself upon Bateson^ 
The letters of Darwin quoted on pp. 59, 60 and 67 of 
the present work are almost pathetic in thetjf statement 
of difficulties due to continuity in Cirrhipedes. 

How are we to account for the discontinuous parts 
of the series ? Is discontinuity a result of gradual 
growth, or did it spring into existence ready made? 
Ever since the appearance of the Origin of Specus, the 
great majority of naturalists have believed the former ; the 
hitter is maintained by a small group of active workers 
who, sometimes called ' Mutationists sometimes ‘Men- 
delians would in this country be more correctly termed 
' Batesonians ’ It would be absurd to attempt to 
account for the sharp discontinuity in the series of 
mature individuals by supposing that each member of 
it suddenly came into existence full grown. Similarly, 
in attempting to account for the discontinuity of species 
it is surely unreasonable to neglect all study of the birth 
and growth of species which are going on all over the 
world. Blinded by the assurance of the dogmatic state- 
ment that the problem can only be attacked in one 

* * We lee aU organued nature arranged in a discontinuous eeries of 
groiipi diftering from each other by differences whicb are Specific/ 
Ic^p. 16, 

Variadon may teach ui *the or^ of that Dbcontinuity of which 
%eciee ii the objective eaprewon \ L c., p. 1 7. 

* * The apedet riddle pretents ilsdf ckfinitdy as the problem of the 

eataWnoe of a aeriet of diecontinaou groups of creatures, sharply marked 
off dw one from the other . . / R. H. L<Kk, in HtrtUfy and 

Lomloa, 1906, p. 1 r. 
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Batesoniansare heedless of ill investigat^ into 
the (reocraphical distribution of species and the change* 
on tSterders of their range. The Zoological M^om 
at Tring is pre-eminent for exact and thoroogn re- 
searches of this kind, and the conclusions to which they 
lead are well expressed by Rothschild and Jordan 
‘Geographical varieties . .represent various ^eps in 
the evolution of daughter-species. And again, with 
special reference to the believer in discontinuity ' Who- 
ever studies the distinctions of geographical varieties 
closely and extensively, will smile at the conception of 
the origin of species sa/invi' ^ 

Nor IS there any reason to wonder at the confidence 
felt by these naturalists. It is explained on pp, 50 4 of 
this work how it is that the evolution which has occurred 
in time is preserved in the distribution of certain species 
in space, Bateson's observations lead him to certain con- 
jectures as to what has hap|>ened in the psl. The 
student of geographical distribution is recording history' ; 
and it is in the geographical distribution of varieties 
rather than in ' Variation that we do indeed see, and 
that without the chance of failure, ‘ Evolution rolling 
out before our e}es.' 


’ ‘ 1 am convinced that the in\C''ii;.jMtion of hcrcdily by cxpcriiDtfiui 
methods offers the sole chance of progre-.s with the hmdluDCDtal problcntf 
of evolution Bateson, in Repot i Rnitsh Ats/kmUen^ 19O4, 57^ II 

must be the same restriction to a |)Oint of view which, ftU ^ t«ii 
im])ortance, is limited, that led Bateson to maiiiiiiD, on pi, 575 of Uw 
same Report, ‘ that the surve) of terrestnal types by twetkldB 

IS happily approaching completion.' Tfiesc words will iottnd wmewhA 
ironical to any naturalist uho has lad to do with mmeoam, tad knowi 
something of the difficulty in gelling material workod Ottt Theft in 

^fortunately very fen animal groups concemiiii whkb Biteton^t 
statement is correct, 

® Nov. Zoo/., 1903, vol. X, p 492. 

Bateson, Oti Variation^ p 17 



DISCONTINUITY AND COLOUR xvif 

2 , Tk$ Ekmmt m of Disconiinuifyl 

TTjc amount of discontinuity in a series of Kving forma 
cannot be inferred with safety from superficial appear* 
ances. Notwithstanding the statement of R. H. Lock,’ 
especial caution is necessary when the differences arc 
those of colour. Discontinuous colour impressions arc of 
course due to different rates of vibration in the different 
parts of a continuous series. The discontinuity is in our^ 
selves, and not in the object. It is in every way probable 
that the chemical changes by which a pigment is trans- 
formed arc excessively minute, although the impression 
produced on our senses is so great. A change in the 
^colours of a butterfly’s wing would doubtless appear as an 
important discontinuity, while a slight modification of 
venation in the same wing might well appear as an 
example of continuous evolution. And yet it is well 
known that a very small change in venation more truly 
represents specific difference than docs the largest change 
in colour. 

3. Dt yries's Evidence in Favour of Muiation. 

Although the term Mutation might just as well have 
been applied to evolution of any kind, even the slowest 
and most imperceptible, it is employed to designate a 
theory of modification by large and sudden steps.® Unin- 
strutted statements — commonly encountered Just now in 
the press — inform the world that Natural Selection is 
entirely dispensed with by modem writers on Mutation 

‘ Ddhibe ahcfmtions in the cokxar of offspring u compared with their 
pMiiti Mem almost necessarily to be of this nature ' : vis, discontinooui. 

1* ]k tS4« 

* ^Spseka arise by mutation, by a sudden step in which tithtx a single 
ebanetpr or a wb^ set of cbaractert together become changed.' 
Ksrkiws, Mitrtibif muf R. H, Lock, London, 1906, p. 144. 

Mvtmi b 
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and Mendelism. This is of course an error : M rtitfo a 
without Selection may be left to those who desire to reviw 
Special Creation under another name. But the error is 
a not unnatural outcome of the depredatory and con- 
temptuous tone adopted by the leader of Mendelisai in 
this country. Passing onwards from one to anotho’, 
contempt is easily translated into an <^)en expression of 
disbelief, and for a little day we hear on all sides that 
the central thoughts of Darwin and Wallace were in vain. 
But even while these random assertions are being made, 
De Vries in Holland and Bateson in England are main- 
taining that Natural Selection is necessary to the theories 
of evolution they support— necessary indeed, but, as 
Bateson teaches, so commonplace as to be unworthy of 
investigation.' 

Mutation was of course well known to Darwin, It 
came before him in a rather extreme but unmistakable 
form in that clever but discredited work, the yttHgts, 
and what he thought of it is clearly expressed in the 
Introduction to the Origin The author of the 
" Vestiges of Creation ’ would, I presume, say that, after 

' ‘To prove the reality of StletiKm a» « fenoe to rv oliH k itt b, u I 
bn-e sud, a work of aopererogaljon.' JmemJHm, 1904. 

P- 578. 

‘That the dread teat of NalwiJ SelKlion onui te fmtd tf t«ny 
aspirant to eitatence, however bnef, la a tntiNn which IMcdl M 
proof. Tboie who find aaiiafaclion in dentottamuioni of tto ohwiow 
nay amply indulge ibemielvea by luniaf wiewi MM of MW aBMd, 
ny French poppy , m a garden, icltitig thf*W (W to MoA lad MMichiy 
in a few yean how many of the finer aont u« njiriWWUll' L A, Mt. 

It is by no means obvious why, in any jnmicidw CISa diofilMW SOM 
in snpfdanted If ow ot^ b to HcwMi how Nw Mw hwo 
beoame what they are (the proUem aa m hy BSHooMk S hMm OSM 
mwr be attained unlcm the deisili of Iht Mdwdio psOSMi ttO Mitfti 

St least as Aiily snd thorongbly as dm sssiMhd whisll ii sbhfiWlsd iO 

selection. 
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u unknown number o( generadons, some bmi 

had given birth to a woodpecker, and some fhM to 
the misseltoe, and that these had been produced perfect 
as we now see them ; but this assumption seems to me 
to be no ecpianation, for it leaves the case of the co- 
\ adaptations of organic beings to each other and to their 
^ physical conditions of life, untouched and unexplained' ^ 
The modem mutationist also admits ^ that adaptation is 
not explained by his hypothesis, but his way of dealing 
with this deficiency is at one time to pour contempt upon 
adaptation as a subject for investigation ; * at another to 
assume that it is so difficult that the attempt is hardly 
worth a trial/ 

The only important evidence adduced in favour of 
Mutation in Nature is to be found in the bdiaviour of 
certain Oenotheras (Evening Primroses), first studied by 
Dc Vries and subsequently by many other naturalists.^ 
Oenothera lamarcktam, supposed to be an American plant 
introduced into Europe but unknown in the wild state in 
America, is the form which De Vries found to be throwing 
off species, as he believes them to be, in all directions. 
The Dutch botanist also tested about a hundred native 
species of varied genera, every one of which gave, as 

* Ongin ^Specta, 1859, pp, 3, 4, 

* * Nor have we any definite light on the problem of adaptation. . 
Baiem, L c, p 587. 

* See p xvhi n. 1. 

* (h VarMm, W. Bateson, London, 1894, pp. 10-13. 

* The latfft memoin are (1) Vanatums, and R^iaJnmhtps 

iff ik Otmiktras by D. T. Macdoogal, A. M. Vail and G. H Shull, 
CnntgitImiMm ^ Watking^ 1907* A ftiU list of pubiicatioM is 

pp 91-1 ! (*) ^ ^ yarmkmf ^ ik Evening Priwirm by 
O* A. Boaiei^, F.R.S., /mrmd y* Eakofy, October, 1907. A good 
geMsl aocowit witt be found in R. H* Lock's VariaEmy ffertddy and 
Aakkm^ Lomioii, 1906, chapter v. 

b 2 
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rq|anb*iwalinuttbilit]r^an^tivef^^ TbeMuugr 
of the Dutch plantt, coatrested wiUi the vdcanfe eoeriff 
of the Ainericaii. appears to have wounded De Vrica^ 
national pride so sharply that he feh bound to meet the 
situation with a hypothesis which gave promise of equd 
powers to his compatriots. He found comfort in the 
startling speculation ‘that speck$ are Mbject to com* 
parativdy short periods of mutability whidi recur at 
relatively long intervals, and diat all the qjecies he 
examined exequ the (Enoikera were in thn intmtnediate 
stable period of their existence 
!t would be interesting and probably amusing to hear 
the words with which a specubtive edifice equally vast, 
on a foundation equally insecure, if such were poMibie. 
would be assailed by the leader of Mutatioo in England, 
bad it been erected in relation to conlinuons evolution. 

The comparison betwero the other pbnu and the 
Otmtktra did not apparently lead Dc V'ries to conjecture 
that there might be something wrong with the Utter, 
even though the original wild plani was unknown. ' It 
is unfortunate,' as R. II. Lock remarks, 'from the polot 
of view of de \'ries' interpretatioo of this case that the 
behaviour of O. Ltmartkitma should si^QgesA in some 
respects, as Bateson has pointed out, the phenomena of 
hybridiaibn.' ‘ The supposed lact 'that die speriea 
appears to exhibit the same phenommion in odier locali* 
ties ' * is. however, brm^t forward by Lode in support 
of De Vries's hypothesis. Well, the feroi 0, UamnrtkiMw 

• De Vriet, W LmAmi, ifst, pk jw. 

* R. H. Lock, L c., p, 140. Lock addk l e a w a kal hta^^, 'Olrsrt 

pwafofiUiMipw U oeiUaststsiyoweftfwi ia m i o a . * % a prtais/* 
ofor the mil * ' bi tfae imm ittMli ii * mph ' 

in tile 

• I c, p. f j*. 

* lUd. 
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hat been rtudied at La Gard^ St Cast, on the coa^ 
ef Brittany, b 1899, 1904, and 1907 by G. A. Boulenger, 
F.R.S,, and also by Mr. Charles Bailey at St Anne’s-im!> 
the'Sea, North Lancashire, and neither of these naturalisti 
finds the same phenomenon exhibited, althougfa the 
latter observer appears to have discovered about two of 
De Vries’s ' species Boulenger's conclusions are quoted 
in full in the following paragraph : — 

‘To sum up, I would suggest the possibility of the 
MuteUions-theorie being based on false premisses, 
De Vries has assumed, without any justification, that 
CEmthera Lamarckiana is a natural species. The fact 
that it was originally described from a garden flower, 
grown in the Paris jardin des Plantes, and that, in spite 
of diligent search, it has not been discovered wild any- 
where in America, favours the probability that it was 
produced by crossing various forms of the polymorphic 
(E. biennis, which had previously been inttoduced in 
Europe. If it be so, and the onus probandi of the 
contrary rests with the mutationists, we have no evidence 
of mutations in the phenomenon observed by De Vries, 
but simply one of those cases of Mendelian disjunction of 
hybrids to which he was the first to call the attention 
of the naturalists of the present generation. The 
characters of several parent forms, which may, for all we 
know, have originated through fluctuating variation, have 
remained latent in some individuals of (E. Lamarckiana 
and reappear in diflerent combinations, thus {Moducii^ 
the appearance of distinct " species," each definable by 
aeveial characters, springing up under our eyes.’ ' 

In die recent work of Macdougal, Vail and Shull we 
are toW that ‘fixed hybrids constituting species were 
seoired in combinadons of O. lamarckiana and O. cm- 
‘ /mnuU ^ October, 1907. 
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data 0 Such forms (it is, I submit, extremely unsafe to 
speak of them as species) may, in the future, either 
spontaneously or under some external stimulus break 
up into their components, repeating the history which 
Boulenger believes to have occurred in 0. lamarcklana 
itself 

As this chapter was passing through the press an 
interesting letter on Specific Stability and Mutation, by 
Sir W. T. Thiselton-Dyer, appeared in Nature - The 
author, after describing a number of Mutations which 
have occurred in cultivated plants, comes to the following 
conclusion — Mn all these cases I think we may safel) 
infer from the persistent specific stability at the com- 
mencement of cultivation that the changes which sub- 
sequentl) occur would not hav(‘ occurred in nature . 

I'he evidence, on the other hand, that such changes 
follow cultural conditions as a result is simpl) over- 
whelming 

4 Mutation and tin Juntas ofi Jfnnnry^ Sfi 

The very same ideas of Disconiinuit) and Mutation, the 
same revolt of the clay against the power of the potter, 
arose again and again in the interval betw'een the appear- 
ance of the Onoin and this modern revival The formula 
‘before a thing can be selected it must be’ had been 
repeated b)^ Co[)e, Semper, Timer, and many another 
naturalist, long before it assumed the more picturesque 
form given to it b) Bateson — ‘The creature is beheld 
to be ver) good after, not before its creation ’ ' 

' Ciunegu Insiilulion of W a\hington, 1907, 1 t , p 89 
' No\ 28, 1 907, pp 77-9 

’ Rtpo)i Bulnh Ais^otiaiion, 190-}, p 578 also on \) 577 — 

‘ Selection is a true phenomenon , but its fimction is to st/a/, not to 
create ’ 
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Mutation is the importunate hypothesis, at length 
admitted on account of its importunity 

Darwin's view, that Selection is the paramount power 
in the production of species, is made vei} clear by his 
metaphor of an architect constructing a beautiful buildiiiL; 
out of the frai^ments ol broken stone at the foot of a 
preci[jice ’ For the purposes of the contro\crsy of th(' 
hour, a more ap[)ropriate metajihor is that of the aitist 
Pictorial eliects could no doubt be obtained from time 
to time by the sim[)le method ot thiowmc; colours at a 
screen occasional!), perhaps, sm h ‘Mutations’ w'ould 
be superior to an}thmL; which an .irtist (ould .ichu've b) 
adding here a litlk* and there a littk* to the devek)[)ini4 
picture It would hardl\ be ieason.d)k' to infer fiom a 
few such succ(*sses that tin prop(‘r lunctiou of the aitist 
IS merely to wait lor the aj)propriat(‘ Mutation, and to 
cease [jroducinL; (‘Meets b\ the accumulation of minuK' 
increments — in fact ‘to s( l(‘ct not to cieate’ d'hc 
essential difhcult) about the chance method is that it 
could never yield representations of particular objects 
Now there is an im])ortant s(‘Ction ot the organic world 
w’here the nu‘ta[)hor passes into realit) I rek'r to tlu* 
countless thousands of cases in winch tluTe has been 
evolved on the surlace of an animal picture ot sonn* 
portion of Its environnn'ut — the unendmj^ mstanci s of 
Protective Resemblance' and tin' still moie strikin^^ 
examples ot Mimicr) 

It is as unlikely that a key could Im* mack' to lit a com- 
plicated lock by a number of chance blow's upon a blank 
piece of metal, as that the elaborate pattern on the win^s 
of a butterfly should hava* been reproduced on those 
of its mimic b} Mutation. 

It is necessar) to state very prominently that the 
' Vanalion undtr Dunusluation, London, 1875, vol 11, pp 426-7 
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of introduction, setting forth the main conclusions which 
will be defended. 

Diagnosis, it will be maintained, is founded upon the 
conception that there is unbroken transition in the 
characters of the component individuals of a species. 
Underlying this idea are the more fundamental con- 
ceptions of species as groups of individuals related by 
Syngamy and Epigony. 

In immense numbers of cases it will be shown that 
the component individuals of a species do not form 
an unbroken series, but one that is sharply broken at one 
or more points. At each of these breaks the older syste- 
matist made a new species, which the modern systematist 
has rejected, because in his day the more fundamental 
criteria have been actually established or by strong 
indirect evidence have been inferred. When the test 
of Diagnosis necessarily fails — as it will be shown to 
do in many large groups ofexamples — the appeal is made 
to Syngamy and Epigony. 

Syngamy and Epigony are but two sides of the same 
phenomenon— Reproduction. Although occasional union 
between individuals of distinct species may occur in nature, 
sometimes leading to the production of hybrid offspring, 
this is not the ‘ free interbreeding under natural con- 
ditions ' which I have called Syngamy. Syngamy, thus de- 
fined, implies the production of normal offspring capable of 
continuing the s[>ecies — implies Epigony. As a j)ractical 
criterion, the evidences of Syngamy are generally much 
easier to collect than those of Epigony Hoth Synga/iiy 
and Epigony can be established by indirect evidence 
based on a sufficient number of accurate observations 
upon the habits and modes of occurrence of individuals. 
The criterion of Syngamy of course fails in the case 
of parthenogenetic and self-fertilizing species. In such 
cases, like that of the Bee Orchis referred to bcloV on 

f ). 92, we are compelled to fall back on Epigony. This 
atter criterion may lead, although only in rare and 
exceptional instances, to an erroneous inference, when 
hybrid are mistaken for normal offspring. 

There is a great advantage in the admission that 
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Diagnosis is only a provisional criterion, inasmuch as the 
systematist would then continually seek and continually 
suggest the search for the more fundamental tests. 

It will be argued that the true interspecific barrier 
is not sterility but Asyngamy — the cessation of inter- 
breeding — but that the first will inevitably follow, sooner 
or later, as the incidental consequence of the second. 

Various causes of the origin of species by Asyngamy 
will be discussed. One of these, preferential interbreed- 
ing, may hereafter appear of the utmost significance 
in species maintenance and species formation in the 
higher animal sub-kingdoms. This, of course, would 
imply that the instincts leading to preference are of 
dominant importance. We can imagine hardly any 
operation of Natural Selection more obvious or more 
effective than that by which these instincts are led to 
promote a maximum fertility. Any variation of instinct 
causing an individual to attempt to pair outside the 
s)ngamic community to which it belongs could only 
result in a diminished representation in future genera- 
tions. 

The consideration of a special form of Asyngamy 
at the close of the Address leads to an unexpected result . 
suspicion as to the validity of the generally accepted 
interpretation of the manifold adaptations for cross- 
fertilization. 

The conclusions set forth above, if hereafter established, 
lead to a belief in the reality of species. Unlike and 
apart from genera, families and other groups employed 
in our 'little systems' of classification which ‘have their 
day and cease to be not only do individuals stand out 
as objective realities, but equally real, though far less 
evident, are the societies into which individuals are 
bound together in space and time by Syngamy and 
Epigony. 

The Definition of Species by Diagnosis. 

It is now necessary to examine in some detail the most 
usual conception of a species, a conception based upon 
distinguishing structural characters, or Diagnosis. 

F 


fOutroM 
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This idea of a species is clearly expressed by Sir 
William Thiselton-Dyer, when he speaks of the older 
writers who employed ‘ the word sj^cies as a designation 
for the totality of individuals differing from all others by 
marks or characters which experience showed to be 
reasonably constant and trustworthy, as is the practice 
of modern naturalists'.’ 

This conception of a species is founded upon transi- 
tion. Whenever a set of individuals can be arranged, 
according to the characters fixed upon by the systematist, 
in a series without marked breaks, that set is regarded as 
a species. The two ends of the series may differ im- 
mensely, may diverge far more widely than the series 
itself does from other series ; but the gradual transition 
proclaims it a single species If transitions were all 
equally perfect, of course there would be no difficulty. 
But transitions are infinite in their vanet)’ , while the 
subjective element is obviously dominant in the selection 
of gaps just wide enough to constitute interspecific breaks, 
just narrow' enough to fuse the species separated b) some 
other writer, — dominant also in the choice of the sjx^cific 
characters themselves.^ Looking back upon the interval 
between Linnaeus and Darwu’n, it seems remarkable that 
the mutability of species was not forced upon systematists 
as the result of their own labours It is astonishing that 
many a naturalist was not driven by his descriptive work 
to the conclusion which Darwin stated to Asa Gray on 
July 20, 1856 ‘ — as an honest man, 1 must tell you 

that I have come to the heterodox conclusion, that there 
are no such things as independently created species — 
that species are only strongly defined varieties.’ 

For, as 1 have said above, every describer of species 
made continuity and transition in characters the test of 
a variety, discontinuity the test of a separate species. 

’ loc. cit p 370 

’ How important this choice may be is well shown by Karl Jordan in 
Novitatei Zoohguae, \ol in, Dec 1896, pp. 438-30. Characters arc 
subject to mdependeni variation as well as correlated vartalion. Hence 
there will often be the widest discrepancy between the transitions con- 
structed by naturalists making use of different characters. 

® Li^e and Letter vol, ii, p. 79. 
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And in difficult cases no two of them agreed in their 
conclusions. Many passages in Darwin s correspondence 
convincingly prove how essential an element is this con- 
tinuity, and how inevitable is the dominance of the 
subjective element, Thus he writes about his descriptive 
work on Cirrhipedes to Hooker, October 12, 1849: — 
‘ I have of late been at work at mere species describing, 
which IS much more difficult than I expected, and has 
much the same sort of interest as a puzzle has ; but 
I confess 1 often feel wearied with the work, and cannot 
help sometimes asking myself what is the good of spend- 
ing a week or fortnight in ascertaining that certain just 
perceptible differences blend together and constitute 
varieties and not species. As long as I am on anatomy 
I never feel myself in that disgusting, horrid, cui bono, 
uujuiring, humour.' * 

On another occasion, when Darwin was anxious to 
ascertain the ‘ close species ' m the North American 
Flora, and wrote for information to Asa Gra)', he frankly 
adopted the subjective criterion in order to explain exactly 
what he meant. He wrote, June 8 [1855]. — ‘The 
definition 1 should give of a '"close species'^ was one that 
you thought specifically distinct, but which you could 
conceive some other good botanist might think only 
a race or variet) , or, again, a species that you had 
trouble, though having opportunities of knowing it w^ell, 
in discriminating from some other species.' 

Asa Grays reply is also very interesting from the 
same point of view. He wrote, June 30. 1855 — ' Those 
thus connected' [he had bracketed the 'close species’ in 
a list of the Flora], ‘ some of them, I should in revision 
unite under one, many more Dr. Hooker would unite, 
and for the rest it would not be extraordinary if, in any 
case, the discovery of intermediate forms compelled their 
union.' ^ 

Darwin was evidently in high spirits when he wrote 
itte following passage which bears on the same subject. 
The Origin had been published on November 24, 1859, 

* Ltft and vol. i, p. 379. * Ibid., vol. ii, p. 64 

• Mart Leikn^ vol. 1, p. 421, Letter 314 
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and the whole edition of 1,250 copies sold on the day 
of issue. On November 29 he wrote to Asa Gray — 
‘ You speak of species not having any material base 
to rest on, but is this any greater hardship than deciding 
what deserves to be called a variety, and be designated 
by a Greek letter ^ When I was at systematic work 
I know I longed to have no other difficulty (great enough) 
than deciding whether the form was distinct enough 
to deserve a name, and not to be haunted with undefined 
and unanswerable questions whether it was a true species. 
What a jump it is from a well-marked variety, produced 
by natural cause, to a species produced by the separate 
act of the hand of God * But I am running on foolishly. 
By the way, I met tlie other day Phillips, the palaeonto- 
logist, and he asked me, “ How' do )ou define a species ^ ” 

I answered, “ I cannot ” W’hcreiipon he said. “ At last 
I have found out the only true definition, — an) form 
which has ever had a specific name ‘ 

The idea of Syngamy underlies the gradual tra nut ions 
as iccll as the more uniform resemblances charac- 
teristic of Ihagnostic Species 

The idea of a s[)ecies as an interbreeding communit)', 
as syngamic, is, I l)eheve, the more or less acknowledged 
foundation of the importance given to transition This 
will become clearer from the consideration of a concrete 
example. The common black-and-w’hite Danaine buttcT- 
fly, Amauris niavius of West Africa, is represented on 
the East and South-East Coasts by a ver) similar butter 
fly, distinguished by the greater size of the l.irgest white 
patch, and of the white spot in the cell of the fore-wing. 
Both forms are very constant in the areas over which they 
were known, and on these constant easily recognizable 
characters the eastern butterfly was described as S dis- 
tinct species under the name of A. dominicanus, Auri- 
villius, however, in his valuable Catalogue refuses to 
recognize this latter as a distinct species, and considers it 
as the dominicanus variety of niavius. Through the 

' More Letters, vol. i, p. 137, Letter 79. 
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ally, rei^Mrdec] as sufficient Sonic of the chief of these 
categories are briefly set forth under the h\e heads a-c 
a Jh}}iO} phi^ni, Poly^norpliism — In an e\er increasing; 
number of examples an assemblao-c of indivjduals is re- 
garded as a siiv^le species, althoui^h split up into two or 
more A\ide]y diflerent and shar[)ly s('paiatcd lyroups, 
bet^\cen ^\hlcll transitional varietK's are excessively rare 
or c\ en unknow n b'or instance, the extreme!) abundant, 
widelv’ distributed butterfly Linnia^ tJnyuppu'^ includes 
amony other forms one in wliicli the black-anel-w lute tip 
IS wanting from the fore wing, the donppiis i^^kluyii) 
form 7 his warietv is sharplv cut oh fiom the type form 
Although faint tiaces of a lormei white' bar can be made 
out in donpp!(^, I have lu'vei seen, among thousands of 
indiv iducds, the mate'rial out of which a good transitioiud 
senes b(‘tw(‘('n it and tJux^ippu^ could be constiucteHl 
In this case the e*v idcnce* of S\ngam) is strong and ((Uii- 
plete for Col Yt rbuiw luis rc'corded the fact that the 
two forms cert<iinl)' oc<mi /// LipuUP Put even if this 
record were wanting there woulel still be' strong presump- 
tive evidence that the forms are associated b) S\ngamv 
and Epigoii) 7'hus. sei far <is our knowledge e'xteiuls 
dojippus o( curs as the' onlv foim in certain parts of 
NE Afjica cdone loom this its mctio[)oIis, dojippu^ 
spreads on all sides, its meh\ iduals e^xisting intermingled 
with those <){ iJn yMppU'^^ be coming less and less numerous 
until the) linall) dn' out dims if we trace* the two 
forms eastward we find them both cdaindant at Aden 
further east, at Karaehi. do}ippu\ is well known, but v c'rv 
scarce as compared A\ith r/irywppjn' , m Soutliern India 
It IS a great rant), if ineleed it is kneiwn at all on 
the mainland, in Ce)lon a single specimen v\as caj)- 
tured by Col Wmbiin in iSegi, <ind since tlu n othets 
have been taken *■’ Fuillur e*ast I have never heaid 

^ Sjiioking ()l Ills lxjkirikl U Adi 11 Cid ^dibui\ bJ} s ‘1 liao.* 
taken them [the- foims ofi'/'y ro/'//nJ “ in coiiu ” in t \en possible combina 
lion {Jour /I Bomb Xaf I/i\l Soi , \ii {1892), ji 209) 

^ bet Maj(m N ]\IandLib, FZs, in Joinn Bomb Nat IBs! Sol , xiv 
(1902), p 716 — 

‘The firbt specirntn of this insett [donppu^—k!uyii\ in Ceelon was 
captured b) Lieut -Colonel Yeibuiv at Tiincomalie, April 15, 1891 
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kindness of Mr. C. A. Wiggins and Mr. A. H. Harrison, 
the Hope Department has recently been presented with 
an exceedingly fine series of butterflies from both east 
and west of the northern shores of the Victoria Nyanza. 
These have been carefully studied by Mr. S. A. Neave, 
M.A., B.Sc., of Magdalen College, Oxford, who finds that 
the typical mavius occurs in great abundance to the west 
of the lake, while on the east he meets, in both collections, 
with varieties beautifully intermediate between it and 
dominicanu^ These varieties, occurring precisely in the 
zone where the eastern form meets the western, complete 
for the systematist the transition which renders domini- 
canus a variety of riiavuis and not a distinct species. 
But it is clear that they do more than this ; they make it 
almost certain that the two forms freely interbreed, and 
constitute but a single syngarnic community. 

This IS one of the remarkably clear examples. In 
many cases we know the transition, but the extremes are 
not sorted out in different parts of the total area of 
distribution. Nevertheless, if complete enough, the transi- 
tion of forms on the same area ahvays raises the strong 
presumption that we are dealing with a s)ngamic com- 
munity. 

IVobably the most remarkable senes of transitional 
varieties (‘vcr depicted is that shoum in the eleven 
quarto plates of the last part of Monsieur Charles 
Oberthilr’s great LUudc<i d' Rut onto! Oi^n\ entitled ‘Varia- 
tion des Ilchconia tJuLxiopc et vtsta' (Rennes, February, 
1902). 

The failure of Ihae^nosis the sale lest of Species 

The method of Diagnosis, at its clearest and simplest, 
is always consistent with, and often strongly suggests, an 
underlying Syngamy. There are, however, numberless 
examples belonging to various categories in which a rigid 
adherence to Diagnosis cannot avail. In these cases the 
systematist frankly apjxrals to Syngamy or Epigony as 
decisive ; and if he has not direct proof of the existence of 
eitlier of these, indirect evidence is, at any rate provision- 
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of a specimen. Similarly when it is traced southward 
in Africa, dorippus is dominant in the coast strip of 
British East Africa, where it constitutes about three- 
quarters of the total number of individuals. Further to 
the south it becomes rarer and rarer, until in Natal and 
the Cape, if it occurs at all, it is even rarer than in Ceylon.^ 
Such a distribution is consistent with the interpretation 
that dorippus and chrysippus are two forms in one syn- 
gamic community. It is difficult on any other hypothesis 
to account for the facts which we observe on the out- 
skirts of the range of dorippus — the occasional appearance 
of single individuals in the swarms of the type form. 
And if the two are syngamic on the outskirts, the gradual 
transition in proportions towards the metropolis of dorippus 
suggests that they are syngamic throughout. Common 
as the species is — probably the commonest butterfly in 
the world — the evidence from Epigony has never been 
obtained, although from the point of view of heredity the 
investigation promises to be of the deepest interest. 

The remarkable forms of the females of the Papilio 
da> danus (tntrope) group already alluded to afford another 

Of five or SIX more recent examples Major Manders writes, ‘ 7 'hese speci- 
mens were captured by Mr. Pole at Putlalam on the east coast and 
Hambantottc on the south coast in the drjest and perhaps most and 
portion of the ^land It is evidently t^idely distributed in the desert 
portion of the island and is j)0ssibly not uncommon ’ 

‘ The distribution of this insect in India cannot yet be fully known ; 

It IS rare in Canara, but is not yet reported from the plains of the Deccan, 
or Southern India so far as 1 am aware though it probably exists.' 1 he 
occurrence of dorippus at Bombay, Khandalla, Poona, and Karachi had 
been previously published by Col. C Swinhoe(/^. Z vS 18844^504, 1885, 
p 136), and at Campbellporc (Col Yerbur))b) Dr. A G Butler (/’.Z S 
1886, p. 356). 

‘ Mr. Roland Trimen tells me that he knows of only three South 
African dorippus — two from Durban and one from Pretoria. The laltei 
and one of the former w ere taken by Mr W L. Distant {Ann Afag Nat. 
Hist (7), vol I, 1898, pp 48, 49) Mr Geo F I>eigh, of Durban, 
Natal, writes March 3, 1904 ; — ‘1 have m)self captured two or three 
specimens during the past three years, and one was taken only last 
iplcmbcr by Mr. Bum who was out collecting with me ' Two speci- 
mens captured in 1905 at Salisbury, Rhodesia, have been presented to 
the Oxford University Collection by Mr. Guy A. K Marshall. They 
arc, so far as I am aw^arc, the only examples of dorippus hitherto recorded 
from Rhodesia. 
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excellent example, although in this case good transitional 
series can be constructed. The evidence of Syngamy was 
first obtained by Hewitson (see p. 57, footnote i), but is 
now well known. The evidence of Epigony has fortu- 
nately been obtained in 1902 and again within the last 
few weeks by one of our Fellows at Durban, Mr. G. F. 
Leigh. Eggs laid in 1902 by a female of the commonest 
South African form, caua, yielded a synepigonic group, 
including a large majority of forms like the parent, but 
also examples of the very different htppocoon form. In 
the more recent example seven eggs from the ranest of 
the South African forms, irophonius^ produced, in addition 
to males, two females of the cenea variety, and not one 
resembling the parent. ‘ 

These differences, although only of colour and pattern, 
greatly exceed those between ordinary close species 
When we deal with other kinds of dimorphism or poly- 
morphism involving important structural differences, such 
as those of the social Hymenoptera and Neuroptera, the 
discriminating characters between nearly related genera 
are commonly equalled or exceeded. 

b. Seasoftal Dimorphism : — In certain exceedingly in- 
teresting examples of dimorphism the relation between 
the forms is epigonic and not syngamic ; for rare and 
occasional interbreeding is not Syngamy. I refer to the 
most strongly-marked cases of seasonal dimorphism in 
butterflies, especially the wonderful examples proved 
to be epigonic by Guy A. K. Marshall ^ In some of the 
forms the two seasonal phases were not even regarded as 
closely related species. In these extraordinary cases, 

‘ Trans, Lni. Soc. Lond , 1904, pp 677-88, Plate XXXI. Still later, 
in 1904, Mr G. F I>eigh bred from the eggs laid by a trophonius female, 

SIX males, four females of the cetua form, and one female of the trophonius 
form (Trjffj Ent Soc Lond., 1906, pp. 281-3, Plate XVII) Fmailly, 
within the last few weeks I have received from the same keen naturalist 
a splendid synepigonic group of twenty-eight specimens bred from a hippo- 
coon parent— the first time that offspring have been reared from this form 
of female. Of ihc twenty-eight, fourteen are males, eight are cema females, 
three are htppocoon females, and three arc trophonius females [December a, 
1906]. 

^ Trans. Ent. Soc Lond., 1903, pp. 414-60, 
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/here the widest difference in colour and pattern exists, 
n combination with others which are far more deep- 
•eated, I urged upon Mr. Marshall that the few recorded 
examples of capture or observation in coitu were insuf- 
icient evidence of specific identity, and that nothing 
short of Epigony would suffice 

In seasonal dimorphism, in the dimorphism of social 
insects, and doubtless m a large proportion of other 
examples, it is probable, indeed often certain, that the 
different forms are produced in response to some stimulus 
which acts at a specially susceptible period of the life- 
history ; but from the point of view^ of the systematist 
the mature individuals can only be known as forms 
which, structurally widely different, must nevertheless 
be placed wu'thin the limits of a single species The 
investigation of the probable physiological causes of 
difference is, how^ever, of the utmost importance from 
other points of view'. Altogether apart from its bearing 
uj)on dimorphism, the effect of individual susceptibility to 
stimulus recjuires treatment in a separate category 
t. Individual Modification^ —One of the most striking 
developments of recent years has been the grow'th m the 
number of these very cases in which an individual animal 
or plant has been rendered by Natural Selection sus- 
cej)tible to some stimulus associated with each one of its 
possible normal environments. Every individual of such 
species comes into the world with two or more very 
distinct and very different possibilities before it. each 
of which will be realized only in the appropriate environ- 
ment — realized as the response to some stimulus provided 
by the environment itself We can see clearly that this 
idea w^as in Darwin's mind, although there were then but 
few observations which pointed in its direction Thus in 
Schmankewitsch s experiments Crustacea of the species 
Artemta salina were described as gradually changing in 
the course of generations, as the result of a progressive 

* ‘A structural change wrought during the individual’s lifetime (or 
acquired), in contradistinction from variation, which is of germinal origin 
(or congenital).’ Diet, of Phil, and Psych, ^ ed. b) J. Mark Baldw'in, New 
York and London, vol. 11 . kjoj, p. 94 
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freshening of the water in which they were kept, until 
they took on the characters of the genus Branchipus. 
On this subject Darwin wrote to Karl Semper, February 6, 
i88i ; — 'When I read imperfectly some years ago the 
original paper I could not avoid thinking that some special 
explanation would hereafter be found for so curious 
a case I speculated whether a species, very liable to 
repeated and great changes of conditions, might not 
acquire a fluctuating condition ready to be adapted to 
either conditions,’ ^ 

I venture to express the prediction that this class of 
cases, already very numerous, will hereafter be im- 
mensely enlarged, and will become especially important 
in the vegetable kingdom.” Although Hooker at one 
time took the opposite side, and thought that plants 
were never ‘ changed materially by external conditions . 
except in such a coarse way as stunting or enlarging,’'^ 

' More Ittfer vol i, p ^91. I.cltcr 303 

* See Stimulus and Mechanism as Fac toi s in Organization^ l>y J HreiUnd 
Farmer, F R S (ilie Xnv Phytohgist, \ol n, Kos 9 and 10, No\enibcr and 
December, 1903) Professor Fanner speaks of ihc probable prevalence 
in the plant-world of ' a constant s()ecific methanhm that is able to be 
actuated in different \\a\s by different kinds of stimuli' Although for 
the purpose of his paper Professor Farmer is concerned with the train of 
ph)SicO'chcmicaI sequences which is set going, utility or no utility, when- 
ever the mechanism of an individual is stimulated, he fully admits that the 
mechanism itself has come to be a character of the species b) the 0[)eration 
of Natural Selection. ‘ Naturall) / he ^ays ‘ onl\ those sj^ecies whose inner 
character expressed itself in making these “suitable " adjustments to the 
environment were able to survive ’ 

Toward the close of his paper Prof Farmer seems to bring the con- 
siderations that have regard to the species into somewhat unnecessary 
conflict with those that have regard to the individual. Thus he says that 
‘ current literature still teems with teleological explanations that really 
explain nothing, but rather bar the way of scientific inquiry 
A properly loaded, well-constructed modern gun goes off, for disad- 
vantage no less than for advantage, when its trigger is pulled , b|it the 
very existence of the gun depends upon a long succession of past stages, 
each of which was more advantageous than its predecessor. The recogni- 
tion of this history does not bar the way of inquiry, but rather stimulate! 
and suggests a searching and intelligent study of the latest mechanism 
with all Us intricacy 

• See the letter from Hooker to Darwin, March 17, 186 a, in More 
Letiirs, yol. i, p. 197, footnote a. 
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Darwin considered that ‘ physical conditions have a more 
direct effect on plants than on animals'.^ Undoubtedly 
the view at the time was that of Buffon, the idea of an 
operation of the environing forces almost as direct as 
those which produce the weathering of rocks or the 
whitening of an exposed flint. But it is probable that 
the mor^ intimately we know the conditions of plant- 
life, the more fully it will be recognized that all such 
changes are adaptive. I will mention merely by way of 
illustration that my attention has been called in recent 
years to the dwarfing effect of the prevalent south- 
western winds on the vegetation of the exposed chalk 
downs of the Isle of Wight It has occurred to me 
as a mere suggestion, but one worth investigating, that 
the effect of wind upon a tall flower-head might be such 
as to render less easy and less frequent the visits of 
insects If this were so, it would perhaps ex[)lam why 
certain species of entomophilous plants liable to grow in 
such situations have gained a special susceptibility to 
the stimulus provided by constant winds during some 
particular [>eriod of growth The absence of this stimulus 
would also correspond to a condition in which the plants 
would gain in the conspicuousness brought about by 
increased height 

The further growth of a class already proved to be 
large w^ould play havoc with a definition of species rigidly' 
based upon discriminating structural characters alone. 

Geo^^raphical or Sub- Species — If we depend 

upon unaided Diagnosis there is no means of discriminat- 
ing betw^een species and those sub-species of wdiich the 
w hole mass of individuals are distinguished by recogniz- 
able characters. Here again the mere beginning of the 
difficulty is in sight ; for as museums recognize more and 
more the necessity for long series of specimens w ith exact 
geographical data, so will the comparatively simple con- 
ception of the single species be replaced again and again 
by the far more complex but much truer idea of sub- 
specific groups still fused by Syngamy into a single 

* See the letter from Darwin to Lycll [June 14, i860], Lift and Litters, 
vol. ii, p. 319. 
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species, but, as it were, trembling on the edge of dis- 
ruption, ever ready, by the development of pronounced 
preferential mating or by the accumulated incidental 
effects of isolation prolonged beyond a certain point, 
to break up into distinct and separate species. 

e. Results of Artificial Selection — These obvious 
difficulties encountered by a mechanical adherence to 
definition by Diagnosis naturally lead to the consideration 
of the further difficulties presented by domestic races 
of animals and plants. The wide structural differences 
between the forms accumulated by human selection 
greatly impressed Darwin. Thus he wrote to Hooker, 
September 8, [1856] — ' Hy the way, I have been aston- 
ished at the differences in the skeletons of domestic 
rabbits. I showed some of the points to Waterhouse, 
and asked him whether he could pretend that they were 
not as great as between species, and he answ ered, “ They 
are a great deal more ” How' very odd that no zoologist 
should ever have thought it w'orth w'hile to look to the 
real structure of varieties. . * But if the differences 

between many of our domestic breeds, and between 
them and the nearest wild species, arc, as is w^ell known, 
generic rather than specific, why do we not consider 
such races to be of different species and genera ^ Be- 
cause of the criterion suggested b) Lankester. i^ecausc 
we have reason to believe in their descent from common 
parents within the historic period , because, in spite of 
their wade differences, they are still s^ ngamic. 

Advantages of the admission that conclusions based on 
Diagnosis ai e provisional. 

W^hat is the practical bearing of these criticisms upon 
the definition of species by Diagnosis and Diagnosis alone ? 
The systematist, confronted by his series of specimen^ in 
a museum cannot do otherwise than arrange them in 
groups which he will describe and name as species. But 
much would be gained if he admitted at the outset that 
his conclusions are provisional, if he said with Dr. Karl 

' Ldhn, Nol. II, [>. 210, Lotler 543. 
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Jordan, ‘ The actual proof of specific distinctness the 
systematist as such cannot bring ; we work, or we 
ought to work, with the mental reservation that the 
specific distinctness of our species novae deduced from 
morphological differences will be corroborated by bio- 
logy.’ ' 

The advantage of this attitude is obvious. Work 
would go on as at present Powers of acute observation 
and good judgement would still furnish descriptions of 
species to be hereafter confirmed or confirmed at the 
time by observation and experiment upon the living 
material. But the systematist would not only receive 
our gratitude for the performance of these important and 
necessary duties he would also be seeking in every 
direction for the evidence of Syngamy and of Epigony. 
The museum would become a centre for the inspiration 
of researches of the highest interest to the investigator 
himself, of the greatest importance to the whole bod} 
of naturalists 

Inttyspenfu S ten lily as a lest of Speiies, 

We no\N turn to the consideration of interspecific 
sterility, which many have supposed to be an infallible 
criterion Huxley himself felt this so strongly that he 
was, in consequence, never able to give his full assent 
to Natural Selection, d'he grounds of his objection were 
the subject of prolonged correspondence with Darwin. 
In order to prove that Natural Selection has produced 
natural species separated rigidl), as he believed, by the 
barrier of sterilit), Huxley maintained that we ought to be 
able to produce the same sterility between our artificially 
selected breeds , and until this had been done he could 
not thoroughly accept the theor}' of Natural Selection. 
This objection he expressed, or implied, in many speeches 
and writings up to within a few months of his death. One 
of the simplest statements is contained in a letter to the 
late Charles Kingsley. Huxley wrote, April 30, 1863 : — 

‘ NovUaUs Zoologtcae, \ol iii, December, 1896, pp. .150. 45 * • ^ here 

desire loexprcM my indebtedness to the author of this learned and valuable 
paper. 
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‘ Their produce [viz. that of Horse and Ass] is usually 
a sterile hybrid. 

‘So if Carrier and Tumbler, e.g., were physiological 
species equivalent to Horse and Ass, their progeny ought 
to be sterile or semi-sterile. So far as experience has 
gone, on the contrary, it is perfectly fertile — as fertile 
as the progeny of Carrier and Carrier or Tumbler and 
Tumbler. 

‘From the first time that I wrote about Darwin’s book 
in the Times and in the Westminster until now, it has 
been obvious to me that this is the weak point of Darwin's 
doctnne. He has shown that selective breeding is a vera 
causa for morpliological species, he has not )et shown it 
a vera causa for physiological species 

‘ But 1 entertain little doubt that a carefully devised 
system of experimentation would produce physiological 
species b) selection — onl\ the feat has not been per- 
formed )et ' ' 

It was against this same view, as <*\pressed in 1 luxle} s 
Lectures to IToriiug J/en in i86;, that Darwin argued 
with convincing force in man) letters The mam facts 
with which he confronted Huxley again and again were 
the artificial!) selected races of certain plants which are 
sterile inter se The position is clearly expressed in the 
following amusing, vehement passages from two letters — 

' Dn 1 8 , [ 1 80 j I 

‘ Do you mean to say that Gartner lied, after experi 
ments by the hundred (and he a hostile witness), when he 
showed that this was the case with l^erhanum and with 
maize (and here you have selected races) . does Kolreuter 
lie when he speaks about the varieties of tobacco? My 
God, is not the case difficult enough, w'ithout its being, as 
I must think, falsely made more difficult ? I believe it is 

my own fault — my d d candour - 1 ought to have 

made ten times more fuss about these most careful 
experiments.’ * 

* Lift and LtUtrs of Thomas Henry Huxlty^ vol. i, p. 339, 

’ Mort Letters, vol i, p. 330, Letter [56, 
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'[ Jafi ] 10, [1863,] 

‘ In plants the test of first cross seems as fair as test of 
sterility of hybrids. And this latter test applies, I will 
maintain to the death, to the crossing of varieties of 
Verdascitm, and varieties, selected varieties, of Zea. You 
will say Go to the Devil and hold your tongue. No, 
I will not hold my tongue , for 1 must add that after 
going, for my present book [^Vaiialion luider Donmtica- 
iion , all through domestic animaL, I have come to the 
conclusion that there are almost certainly several cases of 
two or three or more s[)ecies blended together and now 
perfectly fertile together. Hence I conclude that there 
must be something in domestication,— perhaps the less 
stable conditions, the very cause which induces so much 
variability,— which eliminates the natural sterility of 
species when crossed. If so, ue can see how unlikely 
that sterility should arise between domestic races Now 
I will hold my tongue.’ ’ 

Darwin made attempts to ‘produce ph) siological 
species b) selection ’, and thus meet his friend's criticism. 
He thought out and suggested a plan of experiment 
to W. B Tegetmeier.* and ga\e a brief account of the 
scheme to Huxley. December 28, [1862] — ‘ I have . . 
given him [Tegetmeier] the result of m) crosses of the 
birds which he jiroposes to try, and have told him how 
alone I think tlie experiment could be tried wath the 
faintest hope of success — namel)’, to get, if possible, 
a case of tw^o birds which when paired w'ere unprt^uctive, 
yet neither impotent For instance, I had this morning 
a letter w'lth a case of a Hereford heifer, w^hich seemed 
to be, after repeated trials, sterile with one particular and 
far from im[X)tent bull, but not with another bull But it 
is too long a story — it is to attempt to make two strains, 
both fertile, and yet sterile when one of one strain is 
crossed with one of the other strain But the difficulty 
, » . would be beyond calculation.’ ’ 

The experiment was evidently unsuccessful, — perhaps 

' M 0 rt Ltiiers, vol. 1, pp 331, 33a, Letter 157 

• IWd. vol (, pp. *23, 334, Letter 153, [1863. December] 27. 

• Ibid. vol. i, pp. 335, 336, Letter 154. 
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was never seriously undertaken, — and a few years later 
Darwin added the following postscript to a letter to 
Huxley, January 7, [1867]. 

‘ P.S. — Nature never made species mutually sterile by 
selection, nor will men.' ^ 

This was probably only an off-hand expression of 
opinion, not intended to be taken seriously. An alto- 
gether hopeless attitude would not be reasonable until 
the suggested scheme had been applied many times, 
and in several parts of the animal and vegetable king- 
doms. 

But the positive results demanded by Huxley, even if 
obtained, would by no means justify his far-reaching con- 
clusions. If the barrier of sterility were thus artificially 
produced, we should be ver) far from the proof that its 
existence in nature is due to the same kind of cause, 
VIZ. selection. If Darwin was right in his controversy 
with Wallace, if ‘ Nature never made species mutually 
sterile by selection’, the suggested experiment would 
merely do by Artificial Selection what is not done by 
Natural Selection. 

Interspecifii Sterility an incidental consequence of 
Asyngaviy 

It IS by no means difficult to understand the mutual 
sterility which is usual l^etween natural s|)ecies as an inci- 
dental result of their separation b) Asyngamy for a long 
period of time In the process of fertilization a |X)rtion 
of a single cell nucleus from one individual fuses w'lth 
a portion from another individual, the two combining 
to form the complete nucleus of the first cell of the 
offspring, from which all the countless cells of the future 
individual will arise by division. Each part-nucleus con- 
tains the whole of the hereditary qualities received from 
and through its respective parent, and must therefore be 
of inconceivable complexity. We can only speak in 
generalities about processes of which so little is known, 
but we cannot be wrong in assuming that sterility is 
sometimes due to the fact that the complex architecture 
’ JMiers, vol. i, p. 277, Letter 197. 
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‘one part-nucleus fails in some way to suit the equally 
implex structure of the other. The individuals of an 
iterbreeding community form a biological whole, in which 
election inevitably keeps up a high standard of mutual 
ompatibility between the sexual nuclei. Individuals 
v^hose sexual nuclei possess a structure which leads to 
sterile combinations with those of other individuals are 
excluded from contributing to the generations of the 
future. As soon, however, as a group of individuals 
ceases, from any reason, to breed with the rest of the 
species, there is no reason why the comj)atibility of the 
sexual nuclei of the two sets should be retained. Within 
each set, selection would work as before and keep up 
a high standard of compatibility , betw^een the sets, com- 
patibility would only persist as a heritage of past selection, 
gradually diminishing as slight changes of structure in 
either or both of the sets rendered them less and less 
fitted to produce fertile combinations.^ 

It is probable that of all the nice adjustments required in 
the living organism, the mutual adjustment of these incon- 
ceivably complex part-nuclei is the most delicate and 
precise. Now, delicately adjusted organs, such as those 
of sight, rapidly become incapable of performing their 
functions when m aii) species they have been withdrawn 
from the operation of Natural Selection ; similarl) it is 
suggested, that the adjustment of sexual nuclei to each 
other would sooner or later give way when no longer 
sustained by selection. If, then, mutual fertility be the 
result of unceasing selection, and mutual sterility the 

‘ 1 must guard against the inference that the only explanation of 
blenliiy is here set forth. It is indeed maintained that incompatibility of 
the sexuaJ part-nuclei is the inevitable outcome of enduring As\ngamy, 
and lb the probable cause of the sterility ol h)biids 1 bus it rna) be 
suggested that sterility is a result of the combination of two incompatible 
germ-plasms in the sexual cells of the h}biid When the incompaiibilu> 

IS not strongly marked we can understand how such sexual cells may be 
capable of fertile fusion ^Mth the cells of cither parent, but not with those 
of another hybrid. 

But short of these ultimate effects it must not be forgotten that there 
arc many obscure factors of Asyngamy— causes of various kinds which 
interfere with the fusion under normal condiuons or entirely prevent the 
meeting of the sexual cells. 
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inevitable, even if long-postponed, consequence of its 
cessation, it is obvious mat Huxley's difficulty is solved, 
while his suggested experimental creation of sterility by 
selection woiud not reproduce any natural operation : 
it would afford a picture of a natural result but would be 
produced in an unnatural way. This criticism of Huxley's 
contention was advanced by the present writer three 
years ago,* the final conclusion being stated in the para- 
graph printed below . — 

‘ If, then, we cannot as yet reproduce by artificial 
selection all the characteristics of natural species-form.^ 
tion, but can only imitate natural race-formation, we can, 
nevertheless, appreciate the reasons for this want of 
success, and are no more compelled to relinquish our full 
confidence in natural selection than we are compelled to 
adopt a guarded attitude towards evolution because our 
historical records are not long enough to register the 
change of one species into another ’ ^ 

It was, therefore, with intense interest and pleasure 
that I read the following sentences in a letter written 
by Darwin to Huxley, December 28, [1862] — sentences 
which show that criticism practically identical had been 
made by the illustrious naturalist nearly forty years 
earlier. 

‘ W'e differ so much that it is no use arguing To get 
the degree of sterility you expect in recently formed 
varieties seems to me simply hopeless. It seems to me 
almost like those naturalists who declare they will never 
believe that one s[>ecies turns into another till they sec 
every stage in process.’ ‘ 

After reading, in the first volume of More Letter the 
often-repeated refutation of Huxle)’s objection so clearly 
and strongly expressed in letters received by the objector 
himself, it is surprising that no effect was produced, and 
that reference should have been nearly always made 
to this supposed flaw in the theory of Natural Selection, 
whenever the great comparative anatomist had occasion 

* Tht QuarUrly Rmeiv, No. 385, January, 1901, pp. 368-71. 

* loc, cit p. 371. 

* Mort LttUn, \ol. 1, p 235, Letter 154. 
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to speak or write on the broader aspects of biological 
inquiry.^ 

Darwin also considered that there was something in 
the very conditions of domestication which tended to 
promote fertility between races and even between distinct 
species. Thus he followed Pallas in believing that the 
domestic dog has been derived from more than one wild 
species, although he did not trace existing differences to 
this cause but to Artificial Selection.- However, as re- 
gards the origin of the dog, ‘ the evidence is, and must 
be, very doubtful,’ as he wrote to Lyell, August il, 
[1860I The fact which Darwin ‘considered the most 
remarkable as )et recorded with respect to the fertility 
of hybrids ’ was the fertility of the offspring of the 
Common and Chinese Goose, originally described by 
Hyton, and confirmed b) Goodacre and by Darwin 
himself. ‘ The two species of goose now shown to 
be fertile inlcr are so distinct that they have 
been placed by some authorities in distinct genera or 
sub-genera ’ ’ 

Another interesting and exceedingl)' difficult experi- 
ment m h) bridization has been carried through by the 
Rev. W St. M. Podmore, F Z.S , who in September, 
1899. after numerous failures, succeeded in rearing a 
healthy male hybrid between the Ring Dove [Colurnba 
palumbus) and the domestic pigeon. On May 27, 1903, 

' For bc\cral instances see Poullon’s Chaihs Danvvi and ihe Theory 
of Xatuuil StUthofi, Loud iHyO. pp 124-41 

■ ‘Though I belic\e that oui domestic dog^ have descended from 
several wild forms, and though I must think that the sterility, which the) 
would probably ha\e evinced, if crossed before being domesticated, ha;? 
been eliminated, )et 1 go but a very little wav with Pallas & Co in 
their belief in the importance of the crossing and blending of the 
aboriginal stocks. . . Although the hound, greyhound, and bull-dog ma) 
possibly have descended from three distinct stocks, I am convinced that 
their present great amount of difference is mainly due to the same causes 
fArtincial Selection] which have made the breeds of pigeons so different 
from each other, though these breeds of pigeons have all descended from 
one wild stock; so that the Pallasian doctrine I look at as but of quite 
secondary imporUncc.' More Ldiers, \ol. i, pp. u;, uS, Letter 80, 
to Lyell, October 31, [1859] 

* Z/fe and LtiUrty vol. in, p. 340. 

G 2 



84 ‘WHAT IS A SPECIES?’ 

this male was mated with a Blue Homer hen, which 
produced healthy offspring.* 

A comparison between the difficulty of producing such 
a cross and that of obtaining hybrids between the Ring 
Dove and the Rock Pigeon, the ancestor of the domestic 
breeds, would probably throw much light on the Pallasian 
hypothesis. 

If the view here proposed be sound — that Syngamy 
lies behind, and is at least provisionally implied in the 
transition which means so much to the systematist, and is 
his only real evidence when the structural test breaks 
down, the conclusion is suggested that the real inter* 
specific barrier is not sterility but Asyngamy Neverthe- 
less, as argued on pp. 8o, 8i. As\ngamy will infallibly 
lead to sterility, although the result may long delayed 
This latter view, which was that of Darwin, is the exact 
opposite of the ‘ physiological selection ' of Romanes, 
in w'hich sterility is supposed to arise spoiUaneousI) . 
Asyngamy being not the cause, but the conse(]uence. 


A \yn<^(V/iy as a t on u (/lu ni t of As yrnpairy, 

Asyngamy ma) be brought about in various ways, 
of W'hich the most obvious is geogra[;hical separation 
But As)ngamy is b\ no means the necessary result of 
geographical discontinuity or Asympatry. Thus Danvin 
considered that there is regular interbreeding between 
Madeiran and continental birds of the same species. He 
wrote to Hooker, August 8, (j 866] *I do not think 
it a mystery that birds have not been modified in Madeira. 
Pray look at p. 422 of Origin [etk iii], \'ou would not 
think it a m)stery if )ou had seen the long lists w^hich 
I have (somewhere) of the birds annually blowrg even in 
flocks, to Madeira. The crossed stock would he the 
more vigorous/ ^ An even more striking case is that 

* Thi Zoologist, Novembfr, 1903, p, 401, 

• More LtiUrs, voi, i, pp. 487, 488, Letter 370 Dr. Karl Jordan has 
maintamed (' Dcr Gegensaiz zwischen geopaphiacher und nichlgeo- 
graphiKher Variation', Zeitschr. /, Wtsstnsokafl. ZooL Bd. Ixxalfi) that 
thia anniraent is valuelew, inasmuch u more criucil study of extensive 
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of Pyrameis cardui (the ‘ Painted Lady ’ butterfly), which 
ranges over nearly the whole world. The singular rarity 
of local geographical races ‘ in this abundant species 
is almost certainly due to the astonishing powers of dis- 
persal which enable intermittent Syngamy to prevail over 
the nearly whole vast area of its distribution. 

A syngamy as a consequence of Mechanical Incompati- 
bility. 

An interesting and curious cause of persistent Asyngamy 
is the ‘ Mechanical Selection ’ so thoroughly explained 
and abundantly illustrated by Karl Jordan ' The com- 
[}|e\ genital armaliire of Lepidoptera is during Syngamy 
kept constant b) unceasing selection Comparatively 
brief isolation of a group of individuals may lead to 
a departure from the specific t)pe of apparatus prevalent 
in other areas, and may thus mechanically prevent Syn- 
gani) if from any cause members of the group became 
again sympatric with those of the parent species 

Asyngamy a consequence of Preferential Mating 

A very different but exceedingly interesting origin of 
Asjngamy is suggested by observations which support the 
conclusion that varietal forms may show a tendency 
towards preferential interbreeding 

U. W. Bates believed that he had strong evidence for 
the existence of this tendency in the races of certain 
tropical American butterflies. He stated this in his 
epoch-making paper on the butterflies of the Amazon 
valley,’* and it is interesting to observe m the published 

material in recent )ears has revealed peculiarities in the Madeiran birds 
which were unknown when Darwin wrote. But the general argument 
still holds good, even though our knowledge has been increased and 
modified. Madeiran birds have changed but sliglul)^ as compared with 
those of the Galapagos Islands, where interbreeding with the related 
inamland species has been almost or entirely prevented by local con- 
ditions contrasting sharply with those by which Madeira is surrounded 
‘ There is only the small, slightly modified form, hrshawi, from the 
Australian Region. 

’ Noviiaits Zoologtiiit, vol. iii, Dec. 1896, [ip 518-22 
• Tram, Lmn. vol. xxiii (i86a), p. 495 
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letters how Darwin instantly fixed upon the point and 
tried to elicit the data upon which the conclusion was 
formed. Thus he wrote to Bates, November 20, [1862]. — 
‘ No doubt with most people this [viz. the interpretation 
of Mimicry] will be the cream of the paper , but I am not 
sure that all )our facts and reasonings on variation, and 
on the segregation of complete and semi-coniplete species, 
is not really more, or at least as valuable, a part I never 
conceived the process nearl) so clearly before ; one feels 
present at the creation of new forms. 1 wish, however, 
you had enlarged a little more on the pairing of similar 
varieties , a rather more numerous body of facts seems 
here wanted.’ ^ 

Then a few days later we find Darwin still thinking of 
the subject, and writing to Hookei [1862, November] 24 — 

‘ I have now^ finished his [Bates’] paper . , it seems to 

me admirable To my mind the act of segregation of 
varieties into species was never so plainly brought for- 
ward, and there are heaps of capital miscellaneous obser- 
vations ’ - 

He also again wrote to Bates, probabl)' on the following 
day, November 25, [1862 ^]. asking for the solid facts 
which are so greatly wanted 

‘ Could you find me some place, even a footnote (though 
these are in nine cases out of ten objectionable), where 
)ou could state, as full) as your materials permit, all the 
facts about similar varieties pairing, — at a guess how 
many )ou caught, and how' many now' in )’our collection ^ 

I look at this fact as very important , if not in your book, 
put it somewhere else, or let me have cases.’ * 

Remembering that Mr, Roland Trimen, F.R.S., had 
expressed the same opinion as the result of his wide and 
long experience of South African butterflies, I asked him 
if he would kindly furnish me with a statement, ddis 
reply, dated December 28, 190^1, is as follows ‘ I have 
noticed the tendency of the sexes of a variety to pair 
together rather than with other varieties in the numerous 

‘ Life and LtlUr^, \ol 11, p 392. 

* More Letters^ vol. i, p. 314, Letter 147. 

« vnl j, D. 215, Letter 148. 
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ases of captured pairs sent to me by correspondents 
a South Africa, and sometimes in cases of the same kind 
vhich occurred to myself when collecting. The species 
A^hich particularly attracted my notice in this way during 
my visit to Natal was Hypayiis acheloia [—Gotzius, Herbst, 
part), which is curiously variable on the underside, from 
pale creamy to deep chocolate. I did not know of its 
seasonal variation at the time, but I was in Natal just at 
the change of season from wet to dry, when the inter- 
mediate gradations were about, and I was struck with 
the close resemblance of the sexes in pairs that I caught, 

I am sorry to have nothing more definite to give on this 
head , it is a point much requiring exact and prolonged 
observation.’ 

Mr. Trimen furthermore entertains no doubt that much, 
if not all, of the material upon which he based the con- 
clusion that the individuals of the same race tend to inter- 
breed, exists, distinctively labelled, in the South African 
Museum, at Cape Town. It is greatly to be hoped that 
collectors will in future carefully label all specimens cap- 
tured iyi coitu, and that the fact will be recorded on the 
labels in museums and in private collections. It is 
tantalizing to reflect upon the number of interesting and 
important questions which could be now decided if this 
practice had prevailed during the past fifty years. The 
question of the possible origin of species from races by 
preferential Syngamy is of such high importance that we 
may confidently hope that the attention here directed 
to the question, and especially the quotation of Darwin’s 
letters to Bates, may lead to that ‘ exact and prolonged 
observation accompanied by careful records, without 
which a safe decision cannot be reached. In the mean- 
time the decided impressions of two such naturalists 
as H. \V. Bates in South America and Roland Trimen in 
South Africa render it in ever) way probable that the 
conclusion will be established on a firm foundation.* It 

' Dr. T. A. Chapman sends me the followinginteresting and suggestive 
note .— 

' I met lately with a curious instance that deserves following up, of some 
bearing on the question of selective mating of varieties. 
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has been already pointed out on p. 65 that, should 
preferential Syngamy be established on a large scale, the 
instincts concerned would assume fundamental significance 
in the origin of species. 

A syngamy as a consequciue of the breaking of 
a Syngantic Chain, 

It is also possible that Asyngamy may be brought about 
by the breaking of what we may call ' a Syngamic Chain’. 
In the case of large and widely-distributed interbreed- 
ing communities it is an open question whether Syngamy 
w’ould freely take place between the most distant of the 
outlying sections if directly brought into contact, and 
whether, even if Syngamy prevailed, there would be any 
diminution in fertility. 

Lttnnas chrysippus, perhaps the commonest butterfly 
in the world, forms a probably continuous syngamic chain 
stretching from the Cape of Good Hope at least as far as 
Southern China. It is even reported from Japan. The 
far Eastern forms arc readily distinguishable by the 
greater size of a single white spot, giving quite a different 
appearance to the fore-wing. If pupae or eggs were 
transferred from Hong-Kong or Macao to South Africa, 
W’ould the perfect butterflies freel> interbreed with the 
indigenous forms of chrysippus ^ We do not know ; but 
it is an experiment well worth tr)ing, and one w'hich 

‘I saw some broods of P phlaeas lately lhai differed from each other, 
but each brood was rcmarkabl) uniform There were three broods, all bred 
in the same conditions, in a greenhouse (by Mr Carpenter of Leathcrbead) 

It seems difficult to explain this, unless bolh parents of each brood were 
very nearly identical 

‘ Mr Frohawk, who has bred the species largcl), tells me he has noticed 
similar facts. 

'When I bred Acronyc/a tridens and psi largely, some fifteen or more 
years ago, I noticed that each brood had its own facies, and suggested 
that tridtns was now trying to break up into separate species just as some 
ancestor split into psi, tridens, and cujpts. 

'Another fact I observed in Acronycla rather bears on the other side 
of the question. Of A. strigosa I reared a large brood, which paired 
readily and frequently together, but no eggs were laid. I then got some 
captured males, which paired with equal readiness with the bred females, 
h ^fained olenty of fertile cggi/ 
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would yield results valuable in many ways. If inter- 
breeding did not take place, or if the unions were sterile, 
then we should have the interesting case of a single 
species which would instantly become two if through any 
circumstance a central link dropped out of the chain. 
Even if chrysippu^ yielded negative evidence in this 
respect, it is highly probable that other widely-distributed 
species would, under these circumstances, fall into two 
or more groups, each held together by interbreeding, and 
divided from others by Asyngamy. 

Sterility, if present in any degree, would have been 
brought about (juite independently of selection ; for 
in such cases each link of the chain would be freely 
s)ngamic with the links on either side, and As)ngam) 
or sterility would only be revealed b)' artificially bringing 
together the widel} -separated ends of the chain 

I cannot but think, therefore, that such experiments 
made upon many carefull) -selected si>ecies would probably 
bring important additional evidence to bear upon the 
controversy as to whether sterilit) between species is, 
as Wallace believes, a selected (juality, or, as Darwin 
held, an incidental one The deep interest of this 
question is realized when we thus remember that the tw'o 
discoverers of Natural Selection held widel)’ different 
opinions about it \\*e cannot read t];e letters on both 
sides, printed in the first \olume of More Letters, 
without realizing how deeply this divergence — one of the 
principal differences l}etween them — was felt by the two 
great naturalists. 

This is one of the many reasons for which I plead 
with Mr Roland I'rimen ' for the establishment of 
tropical biological stations where w'ork of the kind could 
be carried on. Such establishments should be associated 
with and be under the control of museums at home, 
where the experiments could be directed and the results 
studied and made available for all time for the researches 

’ In his tN^o Presidenlial Addresses lo ihe Entomological Society ot 
London. Proc. Lu(. Soi Loud, 1897, pp xcvi, xevn, 1898, pp Ixxvii, 
Ixxviii. See also his remarks from the Chair in the discussion on May 5, 
1897, loC. Clt. pp. XXXI, xxxii. 
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of the naturalist. Just as Harvard has her main Obser- 
vatory at the University, but also maintains an outlying 
institution in the Peruvian Andes, where certain kinds of 
research, unsuited to New England, can be earned on 
under the most favourable conditions, so our chief 
museums should be provided with the means of es- 
tablishing temporar) stations in the most favourable 
parts of the tropics. When I say temporary, I do not 
refer to the means, but to the position of the station, 
which should be freel) movable in response to the call 
of important problems as they present themselves for 
solution in other localities. 

Another urgent reason for the establishment of bio- 
logical stations IS forced upon us by the inadequacy 
of Diagnosis for the separation of very variable species, 
such as many of the African Acraeinat\ I cordiall) 
agree with the view often expressed to me by m) friend 
Mr. l\ A Heron, of the British Museum of Natural 
History, that we shall never reach a secure foundation 
until epigonic senes have been obtained on a large 
scale. To achieve tins end a temporary station would 
be required. In this wa) our museums could receive, 
and should keep for permanent study, the 7i'/i()/e of the 
offspring reared from the eggs of a single parent. If 
several species were thus represented b) one or more 
large epigonic senes, we should know uhat to expect 
and what to allow for , and Diagnosis in general would 
gain the most helpful guidance. 

Asyngamy as a consequettce of certain Adaptations for 
C ross-Fertihzation. 

Asyngamy, as regards particular lines of union, has 
also been incidentally brought about by certain adapta- 
tions for cross-fertilization in plants, and such Asyngamj 
has in some cases persisted long enough to have led to 
sterility in greater or less degree. Of all Darwin’s work, 
that upon the fertilization of heterostyled plants threw 
most light, he considered, upon sterility between species. 
Ac Francis Darwin has stated, ‘ He found that a wonder- 



:R 0 SS-FERTILIZATI 0 N and ASYNGAMY 91 

ally close parallelism exists between hybridisation and 
ertain forms of fertilisation among heterostyled plants. 
So that it is hardly an exaggeration to say that the 
‘ illegitimately ” reared seedlings are hybrids, although 
both their parents belong to identically the same species. 
In a letter to Professor Huxley, given in the second 
volume [of L^fe and Letters] (p. 384), my father writes 
as if his researches on heterostyled plants tended to make 
him believe that sterility is a selected or acquired quality. 
But in his later publications, e. in the sixth edition 
of the “ Origin ”, he adheres to the belief that sterility 
is an incidental rather than a selected qualit). The 
result of his work on heterostyled [jlants is of importance 
as showing that sterility is no test of specdic distinctness, 
and that it depends on differentiation of the sexual 
elements which is independent of any racial difference.’ ^ 
The different forms of a heterostyled plant are adapted 
for cross-fertili/ation by insects, and each individual of 
each form is b) the same means excluded more or less 
completely from fertilization by another of the same form. 
In the former case the sexual cells and the accessory 
apparatus have been kept by selection during long genera- 
tions of Sjngamy in a high state of mutual compatibility , 
m the latter Asjaigamy, partial or complete, has produced 
a large measure of the stenlit) which is its inevitable 
even if long-delayed result. 

Are (he i 7 ijuriou^ ej/'ects of Se/f-Fcrtilizahon the conse- 
(juence and not the cau^e of the Adaptations 
for Cro^^- Fertilization ^ 

The argument based upon heterostyled plants has, 

I admit, carried me much further than I originally in- 
tended, and it w’ill be a pleasure to me if the following 
criticism can be overthrown. 

If the special adaptation of heterostyled plants for 
particular lines of Syngamy has incidental!)’ resulted 
in lessened fertility, when the unions discouraged by 
these adaptations are artificially secured, and in this case 

* Li/e and Leiiers. vol. in, p. 296. 
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without appeal to the physiologically injurious effects 
of self-fertilization, why should we not similarly explain 
these effects whenever manifest in the self-bred ^ offspring 
of any plant especially adapted for cross-fertilization ? 

Darwin tells us in the Autobiography that as soon as 
his ‘attention was thoroughly aroused to the remarkable 
fact that seedlings of self-fertilised parentage are inferior, 
even in the first generation, in height and vigour to 
seedlings of cross-fertilised parentage V he entered upon 
a series of experiments which lasted eleven years, ap- 
pearing in 1876 as Effects of Cross and Se!f-Fcrti/isa~ 
tion in the Vegetable Kingdom, Of this work he wrote 
in 1 88 1, ‘ the results there arrived at explain, as I belie\e, 
the endless and wonderful contrivances for the trans|X)rtal 
of pollen from one plant to another of the same species ’ " 
It is here suggested that these injurious results have 
been not the cause but the consequence of specialization 
for cross-fertilization In such plants fertilization is 
mainly brought about along the line for which special 
adaptation is made • self-fertilization is relatively infre- 
quent, often very rare, sometimes perhaps absent alto- 
gether. May not the less successful results have followed 
from a condition in which self-fertiliz^tion is but little 
tried by the fires of selection ^ ^ It would be of much 
interest to compare a long series of experiments on 
the cross-fertilization of plants which are habituall) 
self-fertilized and on the self-fertilization of jdants in 
which the adaptations for cross-fertilization are made 
use of in widely different degrees. 

' This criticism, should it be sustained, would of course 
throw much light upon the case of the Bee Orchis and the 
numbers of tropical Orchidaceae, &c,, which are now’ 
knowm to be regularly self-fertili/ing without apparent 
physiological inju^)^ It would also bear powerful^ upon 
an intrusive set of facts which must often have weighed 
upon the minds of naturalists as they reflected upon the 

’ See Tht Kntghi-Darwtn L(ni\ by Francis Darwin in Nature Ocio- 
ber 27, 1898, p. 630, 

* Life and iMiers^ vol. 1, p. 96. * Ibid. vol. i, p. 97. 

„ in Darwimsm, London, 1889, pp. 321-6. 
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commonly received hypothesis that assumes the dangers 
of continued breeding between near of kin. A. R. Wal- 
lace speaks of these facts in Darwinism^ and I have 
drawn attention to them in discussing the meaning of 
insect migration, although, as will be seen in the follow- 
ing passage, without any serious doubt as to the physio- 
logical significance of cross-fertilization.^ 

‘ We may well inquire why it should be necessary for 
such emigration, with a possible successful issue in coloni- 
zation, to require the services of countless individuals 
when the importation of half a dozen rabbits or a few 
specimens of Puns rapae will, for the naturalist, change 
the face of a continent. The results of these unin- 
tentional, or intentional but ill-considered, experiments 
do indeed shake the belief in the paramount necessity 
for crosses and the dangers of in-and-in breeding , but 
the end is not )et. and the teeming colonies which have 
arisen from such small beginnings may in time vanish 
from the operation of deep-seated causes The varied 
adaptations for cross-fertilization and the prevention 
of in-and-in breeding are so evident in nature, that we 
are compelled to believe that they meet and counteract 
serious dangers which sooner or later would menace 
the very existence of the species Hut now the considera- 
tions set forth in this and the preceding Section throw 
doubt upon the existence of such serious dangers and the 
reality of any such compulsion. 

It is impossible to do more than mention certain advan- 
tages which may have favoured cross-fertilization, if here- 
after the generally accepted physiological necessity turnout 
to be a delusion. Brief reference may, however, be made 
to the special advantages of communil) which are possible 
through Syngamy alone. By interbreeding the favourable 
variations arising in one direction are combined with 
others arising in different directions , by the kaleidoscopic 
changes produced by interbreeding more varied results 
are presented for selection, and the beneficial qualities 
arising in one part of the mass may quickly become 

* p. 336. ■ Trans, Ent, ^ck. Lond., 1902, [)p. 460-65. 

* loc. cil. p. 464. 
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the heritage of the whole; by interbreeding excessive 
spontaneous variation is checked, and the whole com- 
munity of the species advances surely and with stability 
into adjustment with the progressive changes of the 
environment. 

We all remember Darwin’s beautifully elaborated 
metaphor' by which the past history of evolution is 
shown forth m the form and branching of a great tree. 
Darwin represented species by the ‘ green and budding 
twigs and we may suppose that the leaves stand for 
individuals, and that Syngamy is represented by the 
contact of leaf with leaf when the branches sway in the 
wind. And just as contact may run through large and 
small, irregular and compact masses of leaves, so Syngamy 
binds together groups of varying si/e and distribution. 
So too a mass of foliage breached by a sudden storm 
pictures for us the splitting of a syngamic chain into two 
species by the disappearance of an intermediate link. 

It has been a pleasure to me that the central idea 
which I have endeavoured to bring before you should 
be represented, I trust without violence to the imager}, 
by means of ‘ the great Tree of Life, which fills with its 
dead and broken branches the crust of the earth, and 
covers the surface with its ever branching and beautiful 
ramifications 


' Ongin of SptLici, I >>59, p 129 


1 (X. cil p. 1 jO 
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THEORIES OF EVOLUTION 

An Address delivered to the Boston Societ) of Natural History, as 
an Introduction to the Discussion, held on February 7, 1894. Reprinted 
from the Proceedings of the Society, vol wvi, p 327, 

i*? n'lstd (iddihonal fooltioU s. 

In dealing with theories of evolution, I think that we 
shall all be agreed that we may leave out of consideration 
the question of the origin of life, and deal only with 
what has happened to life after its appearance, however 
that may have taken place. On this subject we shall 
probably most of us still agree with the opinion of 
iXarwin that we arc not in a position to even speculate 
or think upon that question, — that any speculation about 
It IS almost a waste of time. And this, I think, remains 
true in spite of the magnificent results of the organic 
chemists in producing chemical bodies by synthesis, 
which before had been regarded as capable of being 
made onl)^ in the laborator) of the living body. Many 
of these can now certainly be produced, but that is very 
dilierent indeed from creating jirotoplasm endowed with 
life . and so far are we from achieving this by any 
chemical means that I think we may venture to dismiss 
all consideration of the ultimate origin of life. 

But granting the origin of living matter, these theories 
of evolution which we are considering and hope to discuss 
to-night can deal with it, and with their help we believe 
that we can account for what has subsequently happened , 
namely, the evolution of all forms of life, animal and 
vegetable, upon the surface of the earth. 

The first of these theories which I propose to discuss 
is the well-known Darwin-Wallace theory of Natural 
Selection, with its three factors. 

First, Individual Variation ^ — the fact that individuals 
diflfer, and that the differences are essential or inherent 

‘ In Life and Letters 
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in the organism, so that even if animals were brought up 
alike, we know they would still be unlike, and so that, 
however much the offspring may resemble their parents, 
they are never exactly like their parents or exactly like 
each other. There is, then, first, individual difference, 
one of the most essential facts in the organism. 

Secondly, the fact of Heredity, — the fact that these 
inherent differences may be and are inherited. Although 
the hereditary transmission of acquired differences is 
disputed, the transmission of those that are inherent 
IS certain This stands before us as one of the most 
obvious and certain of conclusions, equally proved by 
the observation and experience of every one of us. 

Thirdly, the fact that tliere must be a Struggle for 
Existence ) that there are far more individuals born into 
the world in every species, even the most slowly increasing, 
than can possibly survive and reproduce. 

These three factors must by logical necessity lead to 
a survival of the fittest among individual variations. It 
does not require a scientific mind to comprehend that, — 
to infer that some amount of evolution must ensue from 
the co-operation of those three factors, every one of which 
stands firm and undisputed. Among all the advocates 
of rival theories which have been brought forward to 
explain evolution, no one has ever ventured to attempt 
to disprove any one of these three factors. They stand 
unchallenged. 

The politician, Henry Fawcett, saw, long before scien- 
tific people themselves understood what I)arwin meant 
by Natural Selection, that logicall) some result must 
ensue from such co-operation. Fawcett said that Natural 
Selection must produce evolution as surely as a round 
stone will roll further than a scjuare one. Some measure 
of evolution is simply the logical result of the co-opera- 
tion of these three undisputed, abundantly proved factors. 

Now, certain writers have thought to undermine the 
theory of Natural Selection by arguing that the important 
and essential factor of individual variation is not explained 
by the theory which rests upon it. True, it is not; but 
for the theory of Natural Selection, the explanation docs 
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not signify. So long as individual variation is present, 
so long as it is hereditary, it does not signify how it is 
produced. There are, indeed, many theories professing 
to account for it ; but biologists are not generally agreed 
as to the manner in which it is produced. But so long 
as it is there, it is available, and Natural Selection can 
make use of it. 

It is interesting to note that, when Newton discovered 
the principle of Universal Gravitation, some people main- 
tained that he had discovered nothing because he had 
not explained what gravity itself was. Now, after over 
two hundred years, we can safely assert that Universal 
Gravitation stands out as one of the most triumphant 
discoveries of the human intellect ; and yet we, even 
now, are just as much in the dark as to what gravitation 
itself is as when Newton wrote. Exactly so it is with 
regard to individual variation. So long as it is a fact 
essential to organic nature, that one individual must be 
different from another, and so long as these differences 
are hereditary, so long may Natural Selection have abun- 
dant material for its work, even though it does not itself 
explain how that individual difference is produced. I am 
very far from undervaluing the interest of such an explana- 
tion ; on the contrary, I maintain that it forms one of 
the most interesting of biological problems now before the 
scientific world, or likely to be before it for many a day. 

In fact, every successful attempt at scientific explana- 
tion only interprets down to a certain level of causation ; 
and this is just as true of Universal Gravitation and 
Natural Selection as it is of smaller efforts. Down to 
a certain level of causation, Natural Selection e?^ lains^ t 
any rate some part of organic evolution. A more funda- 
mental level would be to explain the factors upon which 
Natural Selection itself depends ; but because we have not 
yet reached that lower level, we have no reason for doubt- 
ing, as some would believe, the complete efficiency, at 
its own level, of the explanation we do happily possess. 

The theory which stands in contrast with Natural 
Selection, and has been supported in the United States 
more fully than in any other civilized country, with the 
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exception of France, is the theory we usually attribute 
to Lamarck. Erasmus Darwin in England, however, 
has the priority, in that he first brought forward the 
principles which Lamarck more effectively supported. 
But to Herbert Spencer belongs the chief credit, because 
he has taken that part of the earlier theory which is 
acceptable to modern biological thought, and upon this 
basis has formed his great theory of evolution. 

Lamarck believed in an innate tendency toward 
perfection in animals. Now, that is a view which very 
few zoologists at the present time, if any, would dare 
to sustain. In fact, an evolution due to an innate 
principle of perfection is not very far removed from 
special creation, — a doctrine which opposes any theory 
of evolution. Herbert Spencer, therefore, rejecting all 
those elements of Lamarck, which the scientific world 
could not possibly accept, has taken that which was 
likely to commend itself to science, and upon it has formed 
his great theory of evolution ; so that the Lamarckian 
Theory, as presented to the world to-day, comes before 
it in Spencerian language, and in the closest relation 
to Spencerian thought. In saying this, however, I do 
not by any means intend to be understood as supporting 
Spencer's theories or the views upon which he bases them. 

The Lamarckian Theory, then, upon which Spencer 
has based his philosophy, is a theory of evolution de- 
pendent, not like Natural Selection upon three factors, 
but upon two. It depends first of all upon the effect 
wrought on the individual by that which happens during 
its lifetime. Instead of depending on those innate and 
essential differences upon which Natural Selection rests, 
this theory depends on those changes which are caused 
during the life of the individual, — the action of some 
external force upon it, the effect of its own will, the 
changes produced by the use and disuse of its own parts. 
The Lamarckian Theory depends in fact on all Hhosc 
changes in an individual whu^ we now call its Aogui^ 
Chaiiac^s; that is, characters which the mdividtuTIha^ 
come to possess but which w^e not potentially present 
at the very beginning of its development. 
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The first factor, therefore, is made up by changes that 
are wrought in this way. The second factor is H^edity, 
by which it is supposed that these changes are trans- 
mitted ; and it is certainly true that if such transmission 
is possible, some amount of evolution must result. You 
will all be prepared to admit that if these two factors 
represent facts, their co-operation must produce some 
amount of evolution. 

It is important to remember, however, that both factors 
are not undisputed, as are the three factors of Dar- 
winian Elvolution. Although we all admit the existence 
of acquired characters as the effect of external causes 
upon the individual during its life, yet biologists are by 
no means agreed that these effects are hereditary, and, 
if not, the acquired character ends with the individual 
in which it arose, and, not being handed on, can never 
become a character of the species. It is impossible for 
those who hold the Lamarckian or Spencerian view to 
escape from this. If it is true that such characters are 
transmitted, then the foundation of the theory is secure ; 
but the transmission of acquired characters is by no 
means proved. Herbert Spencer has preferred to occupy 
himself in building a magnificent edifice upon this founda- 
tion, rather than employ his acute intellect in testing its 
firmness and security in every possible way. 

So far as observation goes, all those characters 
which are believed by many to owe their origin to 
the Lamarckian principle are present, actually or poten- 
tially, in the individual before the beginning of its active 
life, before the operation of those causes which were 
believed originally to account for the characters. Accord- 
ing to the Lamarckian Theory such characters have 
already become hereditary ; and therefore it is of essential 
importance to the Lamarckian to prove that acquired 
modifications can be and are transmitted. Only in this 
way can he give good grounds for the opinion that such 
characters, when they occur ready-made in the individual, 
are to 'be explained by the action of external causes 
durii^ the lives of ancestors. 

These are the two main theories of evolution. There 
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are several others, upon which I will dwell only for a 
moment because these two alone command any very 
la^-e amount of attention at the present time. 

In the first place, Lamarck's tneory of the innate 
tendency towards progressive perfection in animals is 
not held in exactly that form, but some zoologists in the 
United States and other countries believe that they see 
evidence in the rise and fall of certain groups of fossil 
animals for the existence of a tendency towards extinc- 
tion, or a tendency towards sudden growth, which lies 
within the animal itself and is not determined by any 
external cause. That is a very close approach to 
Lamarcks original principle of an innate tendency in 
one direction or another. I will not discuss it at any 
length, because I think that this evening if we can get 
a clear idea and attempt some discussion of the merits 
of the two main theories of evolution, that will he as 
much as we can expect. I will only sa> with regard 
to the subject that arguments ba.sed upon fossil remains 
are apt to be somewhat dangerous, because we have, 
at least so far as the conditions of life are concerned, 
so small an amount of evidence. In certain parts of 
Africa, for instance, the presence of the tse tse fiy 
absolutely limits the existence of some of the larger 
quadrupeds. Wherever that fl) is, the animal cannot 
exist. It IS very possible that in future times skeletons 
will be found in specially large numbers on the Ixirders 
of districts where the fly abounded, and any attempt 
to argue, from the appearance of the skeletons them- 
selves, as to the causes of this great extinction will 
obviously be entirely false and misleading. We have 
in the skeleton of an animal so small an indication of 
the events of its life and the conditions of its death, 
that it is, except in very rare cases, most unsafe to argue 
as to the causes of its extinction. 

Another theory of evolution is one which ha^ been 
brought forward by Professor Geddes of Edinburgh. He 
believes that there is an innate tendency towards growth 
and towards that dissipation of matter which constitutes 
its reverse, — the anabolic and katabolic tendencies, as he 
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calls them. But that view, although he argues it with 
much eloquence, has not been widely accepted, and 
I think it will be generally admitted that it does not 
yet rest on sufficient proof^ 

In addition to these, there are some who maintain the 
position that there is an unknown cause of evolution. 
They believe that these theories, although one or more 
of them may be of value, are yet insufficient to account 
for organic evolution. Those who take this line are of 
course logically bound to bring forward the classes of 
facts with which no existing theory is, as they maintain, 
competent to deal. 

All we shall have time for to-night is briefly to compare 
Natural Selection, the Darwinian interpretation of evolu- 
tion, with the Lamarckian Theory. It is interesting to 
note that, although they are so essentially distinct one 
from another, in earlier times these two theories appear 
to have been entirely confused. Lamarckian Evolution, 
Spencerian Evolution, appeals to the mind of man far 
more strongly than Darwinian Evolution. Any one of 
ub, were he to have created the organic world, would 
certainly have created it according to Lamarck. We 
should have made evolution by use and disuse of parts, 
and not by Natural Selection. However, we are not 
concerned with the sort of world that we should have 
created. The question before us as scientific men is 
not what might have happened, but what has happened. 
Nature, as I have heard Prof. Michael Foster say, has 
a very queer way of going by roundabout paths and 
refusing to take the roads we should lay out for her 
ourselves,— roads which we look upon as the most direct 
and obvious. The fact that the general aspect of the 
Lamarckian Theory commends itself to the human mind 
affords no reason for looking upon it as the correct one, 
as opposed to the Darwinian Theory. 

The Duke of Argyll, who is still strongly antagonistic 
to Natural Selection, a few years ago wrote an article 
in The Nineteenth Century called T^tu Power of Loose 
Anatomy. By this title he intended to imply that those 
who believe in Natural Selection have been led away 
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by the specious character of the words themselves. 
I suppose that the Duke feels himself bound to account 
in some way or other for the fact that people believe in 
Natural Selection, while he does not, and accordingly he 
suggests that the seductive power of the title employed 
by Darwin has misled the scientific mind into a belief 
in the process itself, — only rare and subtle intellects like 
his own being proof against such an allurement Natural: 
a word expressive of familiar objects and processes always 
around us. Selection : a process with which we are all 
familiar. In this way it seems reasonable to the Duke 
of Arg)ll to suppose that men have been misled by the 
seductive nature of the terms employed by Darwin. 
The terms apply to processes familiar to every one, 
and therefore every one accepted them at once, without 
inquiring what they really meant This is, of course, 
an explanation eminently satisfactory to the single WTiter 
who was not to be overcome by ‘ the power of loose 
analogy’. But when we proceed to test this ingenious 
suggestion, and look into the history of the times to 
which it applies, when we read Darwin’s letters, we find 
that he continually complains that people do not under- 
stand what he means by Natural Selection, and he almost 
regrets having used the words. He says more than once 
that he wishes he had employed Herbert Spencers term, 
the Survival of the Fittest, because his own title, Natural 
Selection, is comprehended with such difficulty. 

When we look to another class of evidence we find 
equally sure ground for the conviction that Natural 
Selection was driven into men’s minds with the very 
greatest difficulty, and by no means with the ease which 
the Duke of Argyll assumes. It is very interesting to 
consult the various skits written between twenty and 
thirty-five years ago,' in which the writers supposed that 
they were making fun of Darwin’s theory. If you will 
read them, you will be struck by one very remarkable 
fact : their authors are all making fun of Lamarck when 
they believe they are making fun of Darwin. 

' The diBcusaion at which these vords were used took place Feb. 7, 
1894. 
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I remember once seeing a picture in Punch, repre- 
senting the evolution of the power of flight by the 
human species. It represented a man standing upon 
the roof of a house and waving his hands, which, in 
consequence of the use to which they were put during 
his individual life, grew somewhat in size. Passing 
down to the next generation, his son was found waving 
rather larger hands, and the waving made them still 
larger. In the course of generations the descendants 
acquired large wings and flew down from the roof of 
the house. That was supposed to be a parody on 
evolution according to Darwin I have called it a skit, 
but you will see at once that )ou cannot get a better 
illustration of Lamarckism. It is Lamarckism. It is 
not making fun of it , it is a description of the process 
itself. 

Then Lord Weaves wrote a song [May, 1861] in which he 
attempted to make great fun of Darwin s theory. It w^as 
a very long song, many verses of which were skits upon 
Lamarck, while supposed to be skits upon Darwin. 

A deer \Mih a neck that was longer by half 
Than the rest of its famil)'s (try not to laugh), 

By stretching and stretching, became a Giraffe, 

Which nobody can deny. 

This is pure Lamarckism. The evolution was supposed 
to be caused by stretching without any selection at all. 

The best e.xample of all, however, is given by Mr. Court- 
hope, in his Paradise of Birds I commend his 

account of the evolution of birds and mammals to those who 
believe the lamarckian Theory. He tells us thereabout 
the Ornithorhynchus, which he praises as a very prudent 
beast . — 

For he saw in the distance the strife for existence, 

That must his grandchildren belide, 

And resolved, as he could, for their ultimate good, 

A remedy sure to provide. 

With that, to prepare each descendant and heir 
For a different diet and clime, 

He laid, as a test, four eggs in his nest — 

But he only laid two at a lime. 
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On the first he sat still, and kept using his bill, 

That the head in his chicks might prevail : 

Ere he hatched the next young, head downwards he shing 
From the branches, to lengtnen his tail. 

Conceive how he watched till his chickens were hatched, 
With what joy he observed that each brood 
Were unlike at the start, had their dwellings apart. 

And distinct adaptations for food 


From the bill, in bnef words, were developed the Birds, 
Unless our tame pigeons and ducks lie; 

From the tail and hind legs, m the second- laid eggs, 

The Apes and — Professor Huxlej 

If we now turn to the skits on evolution written at the 
present day we find they are very different. Miss May 
Kendall, in writing her Ballad of the Ichthyosaurus, only 
a few years ago [1887], says * — 

E’er Man was de\ eloped, our brother, 

We swam and we ducked and we dived, 

And we dined, as a rule, on each other— 

What matter, the tougliest sumved 

This is true Natural Selection. The authoress under- 
stood what she was talking about. Hut, strangely enough, 
what might well be looked upon as the most incisive 
parody of Natural Selection wms published more than ten 
years too early 1 The first part of James Russell Lowell’s 
Biglow Papers appeared between 1846 and 1848. One 
of the earlier [X>ems contains the following lines - 

Some flossift rs think thcl a fakkiliy's granted 
The minnit it's proved to be thoroughly wanted, 

Thet a change o' demand makes a change o’ condition, 

An’ ihei ever) thin' ’s nothin' except by position, 

Ez, fer instance, thet rubber-trees fust l)egun bearin' 

Wen p’lilikle conshunces come into weann', — 

Thet the fears of a monkey, whose holt chanced to fail, 

Drawed the vertibry out to a prehensile tail. 

If these amusing verses had been written later they 
would certainly have been accepted as a satire upcAi the 
origin as opposed to the survival of the fittest. As it is, 
we must believe that they were indirectly inspired by the 
Lamarckian idea of change wrought by the desires of 
animals. The publication in 1844 of the Vestiges of the 
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Natural History of Creation was probably the immediate 
occasion of the parody. 

Another interesting question has been raised by 
Professor Lloyd Morgan as to whether the phrase 
‘Natural Elimination’ would not be a more correct one 
than ‘Natural Selection'. The process is, of course, 
selection by and through elimination. The survival of 
the fittest means the elimination of the unfittest. 

The relation between selection and elimination has 
been put in a very striking way by Mr. Samuel Butler, 
who says that according to Natural Selection we are 
what we are, not by the successes of our fathers and 
mothers, but by the failures of our uncles and aunts. 
The question is, shall we dignify with the title of this 
important cause of evolution those who have failed in the 
struggle, and do not happen to be the ancestors of any 
living species, or those who have succeeded in the 
struggle and are now abundantly represented by descen- 
dants I think that ‘Natural Selection’ forms on the 
whole the best term for the process. It has the advantage, 
also, of being the historic term proposed by Darwin. 

Another imjxDrtant point in favour of ‘ Natural Selec- 
tion’ as a term is that it suggests a parallelism or 
comparison with the process of Artificial Selection. Yet 
another point is the fact that you may find in the words 
themselves all the three factors obviously suggested ; for 
selection would be impossible without individual differ- 
ence, and it would be useless unless these differences 
were hereditary , and, furthermore, selection implies 
something which selects ; that is to say, the conditions of 
nature. The rate of increase makes a struggle for 
existence inevitable : natural conditions at the time deter- 
mine the relationship between the qualities of survivors 
and Ihe qualities of those that fail. The three factors 
of Natural Selection are implied by the very words 
themselves. 

Now I want very briefly to bring forward the chief 
objections that have been urged against Natural Selection. 

In the first place, if Natural Selection be true, all the 
varied characters of animals and plants must prove to be 
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useful to the possessor in the struggle, or to have been 
useful at some time in its history. 

We are only required, however, to prove utility as 
regards undoubted characters of the species, — and these 
are hereditary, — and we must put on one side certain 
characters which are confined to the individual in which 
they appear. For instance, if it were proved that the 
Mollusca of any one river differed from those of the same 
species in another river, but that the differences were 
confined to the individuals in which they occurred, so 
that if these Mollusca were placed when young in the 
second river, they would come to resemble those which 
were proper to it, then we should not be concerned with 
characters of the species at all. The language spoken 
by a nation similarly is not a character of the human 
species, for we know that a child of another nation would 
acquire it perfectly, together with the particular modes 
of thought and expression, tortuous or direct, which are 
associated with it These results of environment are not 
characters of the human s|)ecies. The individuals of the 
human species come into the world with a certain 
elasticity, a certain (X)wer of being developed in various 
directions. But although the elasticity itself is a character 
of the species, and is inherent, the particular quality in 
which it may result when developed by environment is 
certainly not a specific character. 

The more we study the characters of animals in 
general, even though we at first can see no utility, the 
more we come to admit this principle, and to believe that 
either now or in some past time, the characters have been 
useful. I can certainly say of many characters which 
I have studied in some of my investigations, that at first 
they seemed to be meaningless, but afterwards appeared 
to be of much importance in the struggle for existence. 

I think we may safely assume with regard to yiany 
characters of which we can now see no explanation that 
ultimately the explanation will be forthcoming. 

Being unable to prove utility does not invalidate 
Natural Selection. If inutility could be proved for any 
large class of characters, the theory would certainly be 
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destroyed as a wide-reaching and significant process. 
I do not think, however, that any such evidence has been 
forthcoming. I shall be interested in the discussion 
which follows this paper to hear whether those who 
believe in the Lamarckian Theory have such evidence to 
produce, whether they can prove that any one great class 
of characters has been useless in the past and remains 
useless in the present. 

Another kind of objection has been urged long ago, 
and is still urged to-day. Why do we not find in the 
palaeontological series the records of individual failures ? 
Now, as regards the individuals of a species we cannot 
expect to find any such evidence. What is failure ? 
Failure means, according to Natural Selection, the failure 
to produce offspring 1 he individual which comes into 
the world and dies without offspring has failed. The 
individual which is represented in the generations of the 
future has succeeded Natural Selection has set its stamp 
upon that individual. But it is impossible to decide from 
the fossil record whether any {)articular individual of 
sufficient maturity had failed or succeeded. We have 
not got the facts before us by which we can form any 
conclusions. 

Furthermore, we know the struggle for existence is 
excessively complicated The skeleton a/ont\ though 
of the highest value in association with the rest of the 
organism, has been the sole turning-point in the struggle 
in a comparatively small number of cases When it has 
been the turning-point in association with other parts, these 
latter are absent. We have only a very small part of the 
problem before us, and never can expect any more 

But while we cannot expect to find evidence of the 
survival of the fittest among the individuals of a species, 
we may expect to find it in the supplanting of classes by 
classes, of groups of species by groups of species. Some 
of the facts which have been brought forward as evidence 
in this direction do, to my mind, very strongly support 
the theory of Natural Selection by palaeontological 
evidence. Consider especially the case of the large 
mammals preceding those which gave rise to the quad- 
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rupeds now upon the earth. So far as we can judge 
of these huge forms by their skeletons, they appear to 
have possessed a bodily structure as well fitted to survive 
as that of many now living in the world ; but they differed 
from these latter in that they had extremely small brains. 
We can easily understand that inferiority of intellect 
would cause them to be worsted by animals which were 
in other respects no better endowed. 

Exactly parallel is the relation of man and the apes. 
In bodily structure the difference is insignificant. In the 
brain, however, we meet an important and essential 
distinction. It would appear here that Natural Selection 
has taken one particular part of the organism of paramount 
importance in the struggle, and has developed that rather 
than made a change along the whole line. 

We see the same relationship in the gigantic reptiles 
of the Secondary Period as compared with the mammals 
of the Tertiary, The latter with their larger brains and 
higher intelligence were able to supplant the former, just 
as they have in turn been supplanted by the still larger 
brained animals whose descendants now people the earth. 
All this seems to me to afford very strong support to the 
theory of Natural Selection 

Passing now to another class of objections : Natural 
Selection, it is said, can never account for the beginnings 
of things. Until an organ is raised to a useful level, 
selection can have nothing to do with it. At first sight 
that is a serious objection, but it suggests its own answer, 
viz. that an organ so rarely develops ab tntlto. Organs 
are not formed anew in an animal, but they are formed 
by the modification of pre-existing organs ; so that, instead 
of having one beginning for each organ, we have to push 
the beginning further and further back, and find that 
a single origin accounts for several successive organs, or 
at any rate several functions instead of one. i 

The typical vertebrate has four limbs. These in 
fishes are used for swimming, while in terrestrial forms 
the same limbs are modified and used for walking. New 
organs are not introduced, but the old are modified for 
a new purpose. When the terrestrial form again becomes 
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aquatic, the limb that was used for terrestrial progression 
is modified back into a functional fin ; and again, when 
flight becomes necessary, the same organ is used for the 
new function. So that whatever the changes in the mode 
of progression, we need no new organ at all , for the old 
organ is used for the new purpose. It is very much 
easier to understand how a useful level can be attained 
in that way than by organs starting ab initio. But of 
course we must come down to a true beginning if we 
push our inquiries far enough. In attempting this, we 
are carried to those remote times in which the ancestors 
of vertebrates arose. Upon these forms we can do no 
more than speculate, but it is at any rate impossible to 
prove that bud-like projections from the body, probably 
later reduced to four, may not have been useful, from 
their very beginning, to a slender worm-like animal for 
pushing its way through mud or thick weeds, or for the 
purpose of respiration. Professor E. B. Tylor has told 
me that he believes that the same thing holds with regard 
to human weapons. He said that, in examining ancient 
w'eapons, he was often struck with the fact that a weapon 
or implement had ultimately turned out to be so very 
much more useful for a new purpose rather than that for 
which It was originally formed. Here, then, one origin 
apparently accounts for several forms of implement. 

Another objection raised against Natural Selection is 
that a selective cause is never a true cause. Professor 
Cope means to imply that when he speaks of the ‘ Origin 
of the fittest'. But Darwin’s argument on this point is 
perfectly sufficient. He says that when a man drops 
iron into sulphuric acid, he does not originate the chemical 
force that operates, but he may be fairly said to make 
sulphate of iron. So Natural Selection does not itself 
originate the factors upon which it depends, but it is so 
essential to the result that it may be fairly looked upon 
as the true cause (at that level of causation). In Galton’s 
work we have a most complete inquiry into human 
variation and its inheritance, and he shows us that such 
variation by itself, unguided by selection, can never 
advance to anything. Even if you start with ancestors 
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who are remarkable for any intellectual or structural 
feature, their descendants, although some of them may 
partake of their parents' peculiarities, sometimes even to 
an increased extent, will ultimately return to the pattern 
of the race. There is always a ‘ recession towards 
mediocrity'. Hence, unguided variation can never 
explain the ‘ origin of the fittest [Since these last words 
w'ere written De Vries and others have brought forward 
many facts which, as they believe, support the hypothesis 
that sudden large variations lead to a fresh position of 
organic stability and the origin of a new species by 
‘ Mutation Natural Selection is, however, still invoked 
in order to arbitrate between different mutations, as well 
as between these and the parent species. A final decision 
as to whether the course of evolutionary histor)^ has been 
interrupted or continuous will probably be reached by the 
study of Palaeontology.] 

I have briefly touched on some of the chief difficulties 
which are advanced against Natural Selection. 1 now 
propose to devote the remaining part of my time to the 
difficulties which seem to me to apply to the Lamarckian 
Theory 

Lamarckian Evolution, as I have mentioned before, 
depends upon acquired characters. A good deal of mis- 
conception has arisen from this use of the word ‘acquired’. 
An acquired character has sometimes been interpreted to 
mean any character that an animal has come to possess ; 
hence, inherent and acquired characters have l>een con- 
fused. The word ' acquired ’, as used by biologists, must 
be understood to have a limited and special application, 
meaning only those characters which have been produced 
in the organism by the incidence of external forces, or by 
the action of its own forces, use and disuse of parts, and 
so on, during its life. Weismann has suggested the term 
' Blastogenic ' for characters potentially present iij the 
germ at the very beginning of life, and ‘ Somatogenic ' 
for those which appear afterwards and are not potentially 
present in the germ. Here blastogenic is the equivalent 
of inherent, and somatogenic of acquired. 

Some years ago I suggested that the terms ‘ Centri- 
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petal' and ‘Centrifugal' might be employed to express 
this acquired difference.^ Acquired characters are centri- 
petal, because they are impressed upon the body or one 
of its parts from without; inherent characters are centri- 
fugal, because, arising from within due to the essential 
nature of the organism itself, in the course of development 
they come to appear, as it were, on the surface as visible 
features. 

When we now consider the transmission of acquired 
characters, upon which the Lamarckian Theory certainly 
depends, we are led first of all to inquire whether it is 
possible to frame a theory of heredity within which such 
transmission can be included. If, for instance, there is 
a change in the brain of an animal, owing to the exercise 
of some part of it, how can such a change in the brain- 
cell be transferred to the germ-cells of the animal, so as 
to be transmitted to its offspring ^ It may be objected, if 
you can prove that such transmission does take place, it is 
no matter how it takes place. Quite true, if the evidence 
is sufficient and indisputable. But we must remember 
that the amount of evidence required, in order that there 
may be sufficient, depends upon the probability or impro- 
bability of the thing to be proved. This view is extremely 
well put by Professor Huxley in his memoir of Hume, 
where he sa)s that if any one came to him and stated 
that he had seen a piebald horse in Piccadilly he would 
be prepared to believe it , that he might require con- 
firmatory evidence if the statement were that a zebra had 
been seen , but that if even the friend in whom he trusted 
told him he had seen a centaur trotting down that eminent 
thoroughfare, he should emphatically disbelieve it, and 
that nothing short of a monograph on the anatomy of the 
centaur by a comparative anatomist of the stamp of 
Johannes Muller would convince him that the observation 
was correct. We are compelled to admit that the amount 
of evidence we require does to a great extent depend 
upon the inherent piobability or improbability of the 
conclusion to be sustained. If it appears to us to be 
almost impossible to conceive of a mechanism wherebj 
* See page 123. 
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an acquired character can be transmitted from the outlying 
parts of the organism to its genn<ells, then we have 
every reason for scrutinizing most carefully any evidence 
that is alleged to prove such transmission. 

Let me first of all give you a concrete example which 
is frequently brought forward 1^ those in this country ‘ 
who believe in the Lamarckian Theory, and have chiefly 
studied the skeletons of Mammalia. They say the joint 
of an animal possesses just the sort of shape that would 
be produced by the motion of the joint itself, and they 
urge that the joint as we see it has arisen from the 
hereditary effects of that motion. They look upon this 
as a very satisfactory explanation, because they consider 
it to be so obvious and fundamental. You do not require 
anything further, selection is unnecessary, and even the 
individual variation — so mysterious a factor of the 
Darwinian Theory — is here entirely explained. 

But is the interpretation valid? In the first place, it 
is clear that such an hypothesis can never afford a wide 
or general explanation. There are a great many parts 
of the animal body which are not modified by their use. 
You cannot thus explain the growth of hair, or the colour 
upon the surface of the organism. For these and other 
useful but passive structures the Lamarckian interpre- 
tation will not hold at all. Hence we may divide the 
organism into two sections, to one of which the Lamarckian 
Theory might be held to apply, and to the other the 
Darwinian alone. 

But upholders of the Darwinian Theory consider that 
it applies to the other section as well. They point out, 
that while the form of the joint is the sort of form that 
would be produced by the motion, it is also necessarily 
one which admits of convenient motion, that motion has 
been essential to the life of the organism, that alert and 
rapid movements have been a necessity in the struggle 
for existence, and that any form which would prevent or 
clog the movements would be at once destroyed by the 
operation of Natural Selection. Natural Selection they 
hold to be competent to explain those parts which the 
' Th« Untied States. 
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Lamarckians also claim to explain, while it offers the 
only explanation of the other parts. 

If we suppose that Lamarckian Evolution in part 
explains the actively used organs, and Darwinian Evolu- 
tion in part, we should expect that modification would 
take place more quickly in that section of the organism 
where the two principles were at work than in the other 
section where only one principle — the Darwinian — can 
play a part. But there is no evidence of such especially 
rapid evolution. It seems to me that we are in a position 
to use the old principle of cutting off superfluous causes. 
No unnecessary cause should ever be introduced into an 
explanation, and if Lamarckism, untenable in the one 
section, is superfluous in the other, it should be removed, 
unless there is very clear evidence proving that it has 
been at work. 

Furthermore, in certain cases, such as the protective 
attitudes and appearances assumed by many animals, we 
meet with clear evidence that the two kinds of parts — 
those that are affected by their use and those that are 
not affected — have undergone development together, 
suggesting strongly that their evolution has been under 
the direction of one set of forces, and not of two sets 
which have little in common. 

Having now brought forward certain general objections 
to the Lamarckian position, let me take exception to one 
or two special cases. 

Certain animals, such as lobsters and crabs, have the 
power of very readily parting with some of the most 
important of their members. The large claws are easily 
thrown off, and this may be of great advantage in the 
struggle for life, because when an individual is attacked, 
and has seized the enemy with its claw, it has a chance of 
escaping. In the case of the lobster, the dismembered 
claw may not let go of the enemy although the enemy 
may wish to let go of the claw. The claw may take 
charge of the enemy while the lobster escapes. 

Now that is a very interesting adaptation. We find 
the claw so constituted that it can be thrown off, but even 
when thrown oflf it continues to be of much use to the 
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organism. Its nervous and muscular mechanism is so 
arranged that mutilation actually stimulates it Jo contract, 
and it continues to hold the enemy. In the case of 
certain crabs, the dismembered claws keep snapping and 
jumping about. The same is true of the tails of many 
lizards, which, when thrown oflf, will jump about in the most 
active way, distracting the attention of the enemy, while the 
lizard makes its escape. Here, too, mutilation stimulates 
the nervous and muscular mechanism in claw and tail. 

In these cases of actively used parts of the organism 
the Lamarckian interpretation is absolutely at fault 
You cannot apply it. It is impossible to explain upon 
the theory of the transmitted effects of use and disuse. 
No activity manifested by the tail after it has ceased to 
be part of the lizard can ever be transmitted. Not only 
that, but it is difficult to see how the development under- 
gone by the tail from the effects of use and disuse, &c., 
up to the time of its severance, can \)g hereditary And 
so with the claw, I'he large claws are the most im- 
portant ap[)endages of the lobster, and yet it is certain 
that many a lobster loses one of these organs and grows 
a new one, several times in the course of its life. We 
have here a very sfjccialized organ with definite functions 
which continue in even an increased degree after severance 
from the animal all this is readily explained by the 
Darw'inian Theory, but cannot he cx[)laincd by the 
Lamarckian. 

The same inadequacy of tlie Lamarckian Theory is 
forced upon us when we examine a little more deeply 
into the nature of the process which is supposed to occur. 
The Lamarckians attempt to explain joints and some 
other structures by the effects of stress and pressure, but 
when we look into the matter w^e find that the explanation 
is not so complete as it is supposed to be. 

For instance, it has been believed in the United States 
by many distinguished biologists that the complex shape 
of mammalian teeth is due to pressure pr^uced by 
mastication. As the pressure has been applied to the 
tooth, so has the tooth grown. But would pressure 
produce such an effect upon a tooth ? That is certainly 
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not our experience. Pressure and friction have an 
unfortunate way of wearing a hole in the tooth, rather 
than causing it to grow an elevation. As a matter of fact 
we know that the shape of teeth is predetermined, long 
before they are cut, in the soft dental matrix beneath the 
gum. It is not a question of the transmission of acquired 
characters, but the supposed transmission of a character 
which the parent cannot by any means acquire. Teeth, 
so far as they react to pressure or friction, can only react 
by wearing away. 

With regard to the joint, we are told by some La- 
marckian writers that pressure and friction produce the 
reverse effect and wear away cavities rather than stimulate 
growth. I was reading the other day a most interesting 
paper by Dr. Wortman of New York, in which the 
author attempted to explain the occurrence of a furrow 
in a joint owing to the pressure of a corresponding ridge. 
The pressure of the ridge, he said, produces a furrow in 
the opposite side of the joint. It seems to me that in this 
we are going a little beyond what physiology and histology 
teach us and making a blind appeal to mechanical forces 
unsupported by any adequate investigation of the tissues 
concerned. Is it likely that a bone would react to 
intermittent pressure by producing a furrow.^ It is far 
more probable that the reverse effect w^ould tend to be 
caused. 

I will only ask one more question with regard to this 
subject of use and disuse, and that is, why, if you are 
going to explain any of these parts by pressure and 
friction, should the process be stopped when a usefu 
level IS reached ? If the pressure does cause such effect' 
and they are hereditary, how are they prevented fron 
increasing beyond all bounds in the course of generations 
Why should pressure on teeth cease to produce furthei 
growth, when the tubercle has reached its proper height 
The fact that all these shapes of bones and teeth jus 
reach and stay at an adaptive level is the stronges' 
evidence that they are not produced by the operation o 
mechanical forces, but by Natural Selection. 

We now pass to the consideration of indirect evidence 
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that it would be impossible to explain evolution without 
the Lamarckian Theory. 

Time will permit me to deal with only one class of 
characters, a class associated with the nervous system 
and manifested as instinct. These instinctive actions 
are generally thought to be the strongest evidence in 
favour of Lamarckian Evolution. It has been argued 
that we cannot explain the instinctive action of animals — 
the wonderful instincts which are due, as we know, to 
modifications of the nervous system, — except by supposing 
that animals have intelligently modified their actions in 
consequence of experience and observation, and that the 
result has then been transmitted and has become the 
non-intelligent instinct of their offspring. If we had no 
other explanation of instinctive action, such an interpreta- 
tion would constitute a strong support to the Lamarckian 
Theory. 

I do not, however, believe that this is the only, or, 
indeed, the correct explanation of instinct. In consider- 
ing this question, we must distinguish between the 
instinct manifested by many of the higher invertebrate 
animals and much that we are apt to call the instinct 
of the vertebrates. A great many actions which are put 
down to instinct m the higher vertebrates, such as birds 
and mammals, are not instinctive at all, but the result of 
intelligence. We see an example of this in the altered 
behaviour of the seal which, as Nansen tells us, took up 
a position on the outer ice-floes to escape the dangers of 
the polar bear, and afterwards incurred this very danger 
on the inner floes to avoid the greater peril from the 
hunter. This is a clear case of intelligent association, 
and no instinctive avoidance of danger. So also with 
a bird which flies away if you have a gun in your hand, 
but allows you to come near when you have a walking- 
stick. This is the result of intelligence and not merely 
instinct ; and we must carefully distinguish ^between 
a lesson learned by the individual, however well learned 
and easily repeatea it may be, and a true instinctive action 
which is never learned at all but springs fuUy formed 
into existence. Such true instincts certainly occur in the 
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higher vertebrates, such as the act of sucking performed 
so perfectly without any education or practice by the 
newly-born mammal. But in the lower animals true 
instincts are relatively far more numerous and play 
a most prominent part in the life of the individual. In 
these cases of true instinct I would suggest that we are 
dealing with actions which have never been intelligent at 
any time in the past history of the species, but have 
arisen through the operation of Natural Selection upon 
the nervous system. Certain activities which are most 
strongly held to be the outcome of the transmission of 
experience and the acquired results of practice obviously 
cannot be explained in this way. 

For instance, how upon any such hypothesis can you 
explain the wonderful structure of the cocoon spun by the 
larva of an insect ? The view would be, I suppose, that 
the ancestral larva spun a cocoon which was not much of 
a success and was in consequence attacked by enemies ; 
that the larva observed these attacks, and accordingly 
improved its cocoon. But that is not the way in which 
the struggle for existence is waged with insects. If the 
larva failed, it failed, and that would be the end of the 
matter. It has no chance of improvement, it has no 
opportunity of learning by experience. Its only chance 
of survival is to avoid experience of foes altogether; 
experience is the most dangerous thing in the world to 
an edible insect. This becomes still more obvious when 
we remember that failure or success is almost always 
determined long after the cocoon is made. The cater- 
pillar perhaps spins the cocoon in autunln, but the real 
stress of competition will come in winter, when insect- 
eating animals are pressed hard with hunger and search 
high and low for food. But the caterpillar by this time 
is a chrysalis and of course has no opportunity of im- 
proving the cocoon. The selective test is applied long 
after the operation has been performed, and when there 
is no possibility of gaining by experience. We are thrown 
back, then, solely upon Natural Selection, which acts on 
the nervous system of the caterpillar, and thus compels 
it to make the cocoon in a certain way. In other words, 
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those caterpillars which are impelled by their nervous 
system to make ill-formed, conspicuous cocoons have no 
chance of living, and, in the perfect stage, of produdng 
offspring. Hence, the selection caused by the keen sight 
of foes first raises and then maintains at a high level the 
standard of cocoon-making. 

This contention as to the uselessness and danger of 
experience applies to the whole of those smaller defenceless 
animals which, when once they have been detected, have 
no chance of fighting with their enemies and but little of 
escaping. 

Another special kind of instinct has been greatly relied 
on by Romanes as evidence for the Lamarckian Theory 
of transmitted experience. Certain Hymenoptera allied 
to wasps, the F'ossores or sand- wasps, possess an instinct 
which leads them to sting larvae and store them up in 
their nests as food for their young. It is generally be- 
lieved that the larva is stung in the central part of the 
nervous system so that it can no longer struggle. I say 
‘generally believed' because it has been pointed out to 
me by so distinguished an observer as Dr. G. W. Peck- 
ham of Milwaukee, that certain facts are opposed to the 
generally received account.^ It is to be hoped that the 
observations, which are chiefly due to Fabre, will be 
repeated and tested as minutely as possible. The prey 
is stored up in the mud-tube or burrow of the Hymeno- 
pteron, and keeps perfectly fresh because it is alive, 
although completely paralysed. larvae stored up in this 
way appear to live much longer than those which, in the 
full possession of their faculties, are deprived of food. 

Now this is a very wonderful instinct, which, it has been 
argued, cannot be explained except on Lamarckian lines. 

I maintain, on the contrary, that it is a case which cannot 
by any possibility be explained by the Lamarckian Theory. 

* My friends Mr. and Mrs, Peckham have now publiAed their 
valuable researches upon the habits of the Fossorial Hymenoptera in 
two works, which are a mine of information on this fascinating subject. 
George W. Peckham and Elizabeth G. Peckham, On the inshnets and 
habtls of the Solitary Wasps] Wisconsin Geological and Natural History 
Survey. Madison, Wis., U.SA., 1898. Wasps Soeial and Solitary. 
Boston and New York, 1905. 
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The wasp-like insect has no opportunity of learning by 
experience, because it can never know whether the larva 
stored up is a failure or a success. If the larva had rtot 
been stung, or, accepting the received accounts, had been 
stung in the wrong place, it would struggle and perhaps 
kill the young grub; or, dying of starvation, it might dry 
up and be useless as food. But the Hymenopteron never 
goes back to inquire. It makes all the difference to the 
young grubs whether the food provided for them is in an 
appropriate condition or not, but it makes no difference 
whatever to the parent insect. The latter seals up the 
chamber in which its eggs have been laid and never 
opens it again ; it has no chance of noting the failure or 
success of the food it has provided. It is clearly a case, 
like that of the cocoon, which cannot be explained on the 
Lamarckian Theory and must be explained on the Dar- 
winian. And this latter interpretation is easy: those 
insects which possessed the nervous mechanism impelling 
them to provide food in an appropriate condition gave to 
their offspring the opportunity of surviving and inheriting 
the same instinct; while others, impelled to perform less 
efficient actions, were thereby cut off from any representa- 
tion in the next generation. 

If the origin of wonderful and complex examples of 
instinct such as these cannot be explained by the La- 
marckian Theory but readily by the Darwinian, why 
should not Natural Selection also offer an adequate 
explanation of all other cases ? 

I have already taken up a great deal too much of your 
time. I hope to have the opportunity to-night of hearing 
stronger arguments in favour of the Lamarckian Theory 
than it has been my opportunity to meet hitherto. 

NoU . — In revising the shorthand transcript for publication, I have 
not made any changes which alter the character of the address. It 
remains the record of a spoken address, the sequence and continuity 
of which were maintained by the use of brief notes I have not verified 
the quoted opinions and words of others, and there are probably verbal 
errors. I believe, however, that m every case the true meaning of the 
author has been preserved. 

Ox/'trii, May 21, 1894 
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THEORIES OF HEREDITY 

The Presidential Address read at the Annual Meeting of the Midland 
Union of Natural History Societies, held at Oxford, September 23, 1889. 
Reprinted from the Mtdhind Naturalist, November, 1889. 

Reoistd and greatly modified in large pari rewritten. 

In order to understand the problem of heredity, it is 
necessary to have some general idea of the manner in 
which the higher organisms are built up. The lowest 
organisms, both animal and vegetable ^Protozoa and 
Protophyta), consist of single cells, while all higher 
animals and plants (Metazoa and Metaphyta) are com- 
posed of cell aggregates. A single Protozoon does not 
represent a single Metazoon, but one of the innumerable 
units of which all except the minutest Metazoa are com- 
posed. 

The higher animals are, however, something more 
than aggregates of cells ; they are cell-republics, in which, 
at any rate in health, the structure and function of the 
units are subordinated to the good of the whole. Certain 
diseases are due to the literal insubordination of some 
of these units, which grow and multiply in defiance of 
that relationship in proportion, in position, and in the 
consumption of nutriment, which is necessary for the 
well-being of the whole. The surest Jiope of successful 
treatment lies in an early extirpation of the centre of 
insurrection. Later on, the centre will not only grow, 
but will dispatch agents along the channels of communi- 
cation, setting up other centres of mischief in distant 
parts of the body. Such a republic is not only liable to 
destruction from within by the revolt of its own members, 
but also by the successful attack of enemies from without. 
Numerous other forms of life are ever seeking to obtain a 
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lodgement within it, -and, if successful, discomfort, disease, 
or death, is almost invariably caused.* The larger 
cneiriies, or parasites, have been known for ages ; while 
the smaller, but far more dangerous foes, the germs of 
disease, have only been appreciated in comparatively 
recent times. Now, however, they attract a very large 
amount of attention, and the germ theory of disease has 
led to the most fruitful advance ever made in the history 
of medicine and surgery. 

The cells, or units, which compose the body of one of 
the higher animals differ greatly in structure according 
to the part they play in the economy of the organism. 
Thus, in man, the upper skin, or epidermis, is composed 
of layers of cells, becoming horny scales on the surface. 
,The epidermic cells are continuous with those lining the 
digestive tract and passing up the ducts into the various 
glandular organs The connective tissues which bind 
the various structures together and make up many parts, 
such as tendons and the lower skin or dermis, are also 
composed of cells and fibrous elements derived from 
cells. The supporting tissues, bone and cartilage, are 
composed of cells and structures derived from cells; and 
the same is true of the great contractile tissues, striped 
and unstriped muscular fibre, and of the elements of the 
nervous system— nerve-cells and nerve-fibres. Out of 
many of these elements the complex organs are built 
up, with the addition of peculiar or specific cells of their 
own. 

All the varied units which compose the Metazoan body 
may be classified under two chief heads. There are the 
cells which are concerned with maintaining the life of the 
individual — the body-cells or somatic cells , and there are 
those concerned with maintaining the life of the species 
— the reproductive cells or germ-cells. 

In the higher animals, the latter are aggregated in 

* An example of benefit rather than injury may be found in the lactic 
acid bacillus which, according to Metschnikoff, plays a valuable part in 
digestion. Mctschnikoff believes that the custom of drinking sour milk, 
common to many races, is founded on an empirical knowledge of the 
beneficial effects wrought by this bacillus 



ua THEORIES OF HEREDITY 

a comparatively limited area, the reproductive organs 
(ovaries or testes). These primary sexual organs can be 
removed in the operation of castration without essentially 
affecting any somatic cells except the components of 
characters indicative of sex. When the influence of the 
germ-cells is withdrawn such secondary sexual characters, 
as they are called, tend to be transformed into those 
indicative of the opposite sex. Although the succession 
of individuals is of course prevented by the removal of 
the primary organs, the life of the individual may continue 
to its normal length. 

The problem of heredity may be stated as follows : — 
How is it that a single germ-cell can produce, by repeated 
division, an organism in which the peculiarities of the 
somatic units of the parent are reproduced ? A single 
cell separates from a small area in the body of the parent, 
but it controls the development of the offspring, so that 
the characters of every part of the parent are repeated 
with more or less accuracy. 

It seems that there are only two possible ways in which 
this marvellous fact can be explained. First, the whole 
of the somatic cells may be so intimately connected with 
the germ-cells that each of the latter bears within itself 
the influenc^^ of the whole of the former — an influence, 
too, of such a nature as to lead to the reappearance of 
the corresponding somatic cell in the course of develop- 
ment ; clearly, therefore, an influence of a material nature. 
Secondly, we may look upon the germ-cells as directly 
developed from the germ-cell from which the parent 
arose. Parent and offspring would then resemble each 
other, because they are developed from the same thing, 
although at different times. 

There is an essential difference between these two 
theories of heredity. In the first, the germ-cells may 
bear the impress of every event which happens to the 
somatic cells during the life of the parent, and such 
characters may therefore be looked for in the offspring ; 
in the second, offspring and parent can only resemUe 
each other in characters which were predetermined in 
the germ-cell from which the parent arose. These latter 
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characters—pecullarities of any somatic cell which follow 
from the structure of the original germ-cell—have there- 
fore been called blastogenic by Weismann. They have 
also been called spontaneous^ because they spring up in 
the individual without reference to the causes which 
m3erate during its lifetime; also inherent or centri' 
fugaly because they belong to the essential nature of the 
individual, and because they may be looked upon as 
developing from within rather than as impressed from 
without. Conversely, the characters which appear in 
the somatic cells as the result of external influences, or 
as the outcome of their own special or unusual activities, 
— in fact, any characters appearing in the body which 
were not predetermined in the original germ-cell, have 
been called somatoge?iic, because their origin cannot be 
traced to the 'structure of the original germ-cell, but is 
entirely due to events brought about in somatic cells ; 
they are also called acquired^ because the individual comes 
to possess them, although they do not belong to its 
essential nature , and centripetaly because they are im- 
pressed upon the individual from without, and are not 
the outcome of internal causes. 

It is my object to give a more detailed account of 
these two theories of heredity, and then to allude very 
briefly to some of the evidence which has been believed 
to establish the hereditary transmission of acquired or 
somatogenic characters. 

The first theory, maintaining that a close relationship 
of a material kind exists throughout life between somatic 
and germ-cells, was suggested by Darwin, under the 
name of Pangenesis. 

This theory is illustrated by Diagram /, in which the 
large circles, indicated by the capital letters P to W, 
represent the body-cells of a Metazoon, which, for the 
sake of simplicity, is supposed to be composed of only 
sixteen somatic and four germ-cells, the latter being 
placed in the centre. The somatic cells are arranged in 
pairs, P P, Q Q, &c., in order to indicate the fact that 
similar cells are generally found on opposite sides of the 
body in the higher Metazoa (bilateral symmetry). 



1^4 THEORIES OF HEREDITY 

The fact that each germ-cell, placed under appropriate 
conditions, will develop somatic cells like those of the 
parent, is e:^lained by the supposition that all the latter 
cells give off gemmules, which are stored up in the germ- 
cells. The gemmules are represented in Diagram /by 
the small circles marked with the small letters p to w. 
The gemmules are seen to be traversing the space which 
separates them from the germ-cells, and also stored up 
in the latter. This double representation is explained 
on p. 125. 

The space between the circle of somatic cells and the 
central germ-cells in Diagram / has been introduced 
for the sake of clearness. In higher animals the distance 
which the gemmules would he compelled to travel in 
order that the change in a brain-cell may be registered 
in a germ-cell, would be relatively greater than that 
represented in the diagram. 

With this hypothesis every somatic cell is a germ-cell, 
while the germ-cells proper are merely the meeting-place 
for the germs of somatic cells. Hecause every part of 
the body is thus supposed to reproduce itself, Darwun 
called his hy[X)thesis Fangenesis. Each germ-cell is sup- 
posed to l)e, as it were, an extract of the whole body , 
a microcosm, in which every cell that takes part in the 
composition of the organism is represented. 

The first difficulty which this hypothesis encounters 
is the almost infinite complexity of a germ-cell which 
contains a material particle, a representative or gemmule, 
from every somatic cell of one of the higher animals. 
The countless numlx*r of cells in the human body may 
be imagined from the fact that it would require over ten 
million red blood corpuscles, lying flat, one deep, to 
cover an area one inen square. And yet ever)' single 
blood corpuscle, although not exactly a cell itself, is the 
product of a single cell. 1 

But this is not all ; for we must also suppose that each 
cell of every stage of development, and of the cell- 
generations which succeed each other during maturity. 

IS also represented in each germ-cell, and is the material 
cause of the reappearance of such stages and such genera* 
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tions when the germ-cell itself undergoes development 
and becomes a mature individual. 

Thus the gemmules stored up in the germ-cells of 
Diagram / represent a previous generation of body- 
cells, while those crossing the space separating body- 
from germ-cells represent the existing generation. 

Nor is this all ; for we are also compelled to believe 
that gemmules from the cells of large numbers of genera- 
tions of ancestors are present in many germ-cells, 
accounting for the facts of atavism or ‘ throwing back 
When an animal ‘ throws back ^ to some remote ancestor, 
the gemmules must have been handed down in a dormant 
condition through all intermediate generations. 

Furthermore, there are grave practical difficulties in 
the way of the acceptance of Darwin s hypothesis. If it 
were true, we should expect that mutilations, especially 
such as are inflicted early in life, wmld be transmitted 
to offspring; for all the cell-generations later than the 
date of the injury would be absent, and therefore unrepre- 
sented by gemmules. But there is no evidence in favour 
of the transmission of mutilations, however early they 
may be inflicted. All the evidence, when carefully 
examined, points in the opposite direction. 

Again, in the process of transfusion, when the blood 
of one individual is replaced by that of another, it seems 
reasonable to suppose that, if the gemmules exist, many 
of them would be earned over, and would collect in the 
germ-cells of the individual which received the blood, 
and that thus some characters of one individual would 
afterwards appear in the offspring of another. Careful 
experiments, conducted by Galton and later by Romanes, 
prove that such transference of hereditary characters does 
not accompany the transfusion of blood. 

Not only may blood be transfused, but various tissues 
may be grafted and will thrive on another individual of 
the same species \ In these cases, too, we should expect 
that such transferred tissues would produce effects upon 

‘ Grafted tissues will also thrive on an individual of a very different 
species; but such an experiment, however interesting from other points 
of view, would obviously be unsuitable as a test of Pangenesis. 



126 THEORIES OF HEREDITY 

the offspring, for, according to the hypothesis, they 
would continue to give off gemmules. No such here- 
ditary influence has ever been traced or even rendered 
probable. 

When we inquire why Darwin was led to frame such 
a hypothesis, which, in spite of its great merit in con- 
necting together a number of apparently isolated facts, 
has so much to be said against it, we find the answer in 
a reply to one of Huxleys letters, in which Pangenesis 
had evidently been adversely criticized. I'hus Darwin 
says : ‘ I do not doubt your judgment is perfectly just, 
and I will try to persuade myseli not to publish. The 
whole affair is much too speculative , yet I think some 
such view will have to be adopted, when I call to mind 
such facts as the inherited effects of use and disuse, &c.’ ^ 
This opinion of Darwin s is as true to-day as when it 
was written at some uncertain date about the year 1865. 
If the effects of use and disuse are transmitted, the 
explanation must be sought in a hypothesis constructed 
on the lines of Pangenesis. But if wc are mistaken in 
believing that such transmission occurs, a very different 
hypothesis will account for the facts. 

The manner in which the transmission of such effects 
can be explained by the hypothesis of Pangenesis is 
shown in Diagram /. Two of the somatic cells, Q on 
the right side and V on the left, are dark coloured. 
This is to represent some change wrought in their 
structure by the influence of an external force, or by 
some unusual exercise or practice of a part. Thus the 
darkened Q might represent the change which occurs in 
a bone-cell when a bony growth has been caused by 
intermittent pressure long-continued; V on the leftside 
might represent the change which occurs in a nerve cell 
when some new habit is acquired by long practice. Such 
altered cells would produce correspondingly altered gem- 
mules, indicated by the same dark appearance: mese 
ex hypotkesi would be stored up in the germ-cells, and 
would reproduce similarly altered celk in the offspring. 

I have given a very brief account of the main features 
* Lift and LeiUrt^ first editioD, 1887, vol. lii, p. 44, 
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of Pangenesis. It is a hypothesis which would explain 
the hereditary transmission of acquired characters. At 
the same time it is beset by difficulties which appear 
well-nigh insuperable. 

We will now proceed to examine another theory of 
heredity, that of Professor Weismann. The hypothesis 
is called ‘ The Continuity of the Germ-plasm the name 
germ-plasm being applied to the essential part of the 
germ-cell which determines its development into an 
individual. The word ‘continuity' is employed to 
express the theory that heredity depends upon the fact 
that a minute quantity of this germ-plasm is reserved 
unchanged during the development of the individual, 
and subsequently grows and gives rise to the germ-cells. 
Hence the germ-plasm is continuous from one generation 
to another in unending succession, and from it the germ- 
cells of each generation are produced. 

The germ-plasm in a germ-cell possesses such a con- 
stitution that, placed under appropriate conditions, an 
individual of a certain species will be produced ; but the 
germ-cells of this individual will also contain the same 
germ-plasm, and will therefore develop into offspring 
which resemble the parent. Parent and offspring resemble 
each other because both arise from the same substance, 
although it develops later in the case of the offspring. 
Hence everything which is predetermined in the germ- 
cell, every blastogenic character, may be transmitted, 
while somatogenic characters cannot be transmitted. 

The hypothesis will be rendered more intelligible if 
we refer to Diagram //, in which the development of a 
Metazoon, like that shown in Diagram /, is represented, 
according to the theory of the continuity of the germ- 
plasm. Development is complete in five stages, the 
number of the somatic cells being doubled in every stage, 
after their first appearance in the second. The first 
Stage (Fig. i) is the fertilized ovum, A, the single cell out 
of which all others are produced. It contains germ- 
plasm from two individuals, the combination being the 
process of fertilization. In the preparation for fertili- 
zation and the twofold nature of the fertilized ovum 
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Weismann secs the causes of individual difiference and 
the divergence of offspring from parent. Weismann 
believes that the germ-plasm is in reality only found in 
the nucleus, but the distinction between this and the cell 
has been omitted from the diagram for the sake of sim- 
plicity. The germ-plasm is supposed to be represented 
by the dots in the circle A. 

The second Stage (2) is produced by division of the 
ovum into two cells (B and C), in one of which (C) a 
small part of the original germ-plasm, represented by the 
small circle a, is carried on, unchanged. 

Roux has demonstrated that, if one of the products 
of the first division of the egg of a frog (B or C in 
Diagram //) be destroyed with a hot needle, develop- 
ment is not necessarily arrested, but, when it proceeds, 
leads to the formation of an embryo from which either 
the right or the left side is absent. When the first 
division takes place in another direction, either the 
hind or front half was absent from the embryo which 
was afterwards produced. After the next division, 
when four cells were present, destruction of one pro- 
duced an embryo from which one-fourth was absent,’ 

The preceding paragraph was written in 1889 before 
Roux s experiments had been repeated and tested by 
other workers ; but their arresting interest was such 
that they soon became the foundation of a prolific school 
of experimental embryology. The ultimate result of 
numerous researches is to leave no doubt that Roux 
was mistaken in some of his conclusions. An excel- 
lent discussion of the whole question will be found in 
Professor T. H. Morgan’s work.* The general con- 
clusion that there is a necessary correspondence in 
position between the early embryonic precursors and 
the organs or parts to which they give rise has been 
abandoned. On the other hand, the still broader and 
more fundamental conclusion that definite organ-forming 

‘ My fiUleniion wa* to directed to these interesting experiments by 
Professor Windle’s paper in the Journal 0/ Anatomy <ma 
vol. xxiii, p. 393. 

• Rtgtmration^ chapter xi, New York, ipoi. 
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material is present at the beginning of developmertt has 
been proved at any rate for embryonic organs of many 
species. Thus pre-formation (in the above sense) in the 
earliest stages, at least of embry^onic organs, is confirmed, 
although It is not necessarily accompanied by pre- 
localization. 

Turning to the details of Roux's researches upon the 
frog, briefly mentioned on p. 1 28, the results he claimed 
to produce by destroying one or both of the anterior or 
posterior pair of the first four cells (blastomeres) formed 
by the second cleavage are not now accepted. As 
regards the injury to one of the first two cells (blasto- 
meres) and the development of a half-embryo from the 
other, Roux stated that after a time the material 
of the injured cell is 'reorganized', and the missing 
half of the embryo restored by ‘post-generation . 
The reorganization is, according to Roux, of complex 
origin, in part due to formation of cells from the injured 
part Itself, but chiefly to the influence of the uninjured 
part When converted into cells by reorganization, post- 
generation begins. 'A few hours or a night is sometimes 
sufficient to change a hemi-embryo into a whole embryo.' 

‘ The pieces of the old nucleus . . . may take a part in 
the formation of the new cells , wandering cells migrate 
from the yolk mass of the old half into the new, and the 
cells of the formed germ-layers may be pushed over to 
the other side.' This brief recapitulation of Roux’s 
account is quoted from T. H. Morgan, who has himself 
shown that a half-embryo is formed by the uninjured 
cell when it and the injured cell retain their original 
position, but that the missing part is regenerated from 
the uninjured half or from the still living material of the 
injured cell. Morgan also proved that if the two first 
cells do not retain their original position — e g. if the egg 
be turned upside down — the uninjured cell forms not 
% half but a whole embryo, as in Hertwig’s experiments, 
"“urthermore, Schulze and Wetzel have proved that the 
ninjured egg, if kept upside down in the two-celled 
Lge, develops into a double monster, one from each 
11 (blastomere). We are thus driven to the conclusion 

K 
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similar effects in the corresponding somatic cells of the 
offspring. The acquired changes in Q on the right side 
and V on the left, indicated by their dark colour, would 
be confined to the organism in which they arose, and 
would not affect its offspring, at any rate in a corre- 
sponding manner. 

If the transmission of acquired characters were proved 
to be an undoubted fact, Weismann s hypothesis of 
heredity would inevitably collapse. It cannot, however, 
be maintained that such proof is forthcoming. 

The question largely turns upon an exact knowledge 
of the proportion borne by blastogenic or inherent to 
somatogenic or acquired characters. We know how 
dominant a share of our physical and mental qualities 
is hereditary— so dominant indeed that it would follow, 
if Weismann s hypothesis be correct, that blastogenic 
characters are far more important than somatogenic, 
There is some evidence that this is the case, and 
1 will here bring fonsard one line of proof, which also 
supports the conclusion that the whole organism is pre 
determined m the ovum. 

If this last conclusion l)e valid, it follows that tin 
differences which characterize individuals are predeter 
mined in the ova from which they arise, and that ova 
are not in their essential nature alike anv more than 
individuals. We do, how'cver, occasionally meet with 
individuals so much alike that we (incorrectly) speak of 
them as ‘identical’. The resemblance between certain 
twins is far closer than that between other members of 
the same family. If, therefore, we can prove that such 
' identical ’ individuals are derived from ' identical ’ ova, 
the above-mentioned arguments and conclusions will 
receive strong support 

' Identical ’ twins are invariably of the same sex. 
When twins arc of different sex, the degree of resem- 
blance is no greater than that between brothers and 
sisters generally. This is also true of many twins of 
the same sex, and Galton has brought forward evidence 
to show that they may even differ more widely than is 
usual with brothers or sisters. 
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It has been long known that twins of the same sex 
are often enclosed in the same embryonic membranes, 
while twins of opposite sex are always enclosed in 
separate membranes. The latter would be the product 
of distinct ova, which had been separately fertilized, as 
in the ordinary multiple births of animals (cats, dogs, 
rabbits, &c.). The former would be the product of 
a single ovum, which has divided into two ova, in all 
probability after fertilization. But it is clear that the 
ova arising from the two halves of a single ovum, at 
a time when the individual characteristics were already 
determined, would be very nearly identical . their resem- 
blance would be of a very different order from that of 
separate ova We also find that some twins of the 
same sex present resemblances of a very different order 
from that of brothers or sisters who are developed from 
separate ova. It must be admitted, therefore, that there is 
a very high degree of probability that the ‘identical’ ova 
are those which develop into the ‘ identical ’ individuals. 
The interesting conclusion that sex is predetermined in 
the fertilized ovum also follows from the same facts. 

The probable beginning of the development of ‘iden- 
tical ' twins is shown in Diagram III. A* is a fertilized 
ovum with the individual characteristics predetermined. 
At its first division A* does not, like A in Diagram //, 
form the cells of Stage 2, indicated by the letters B 
and C ; but it divides without differentiation into two 
equivalent cells, like each other and like the ovum. 
Idence the first division of A* does not produce Stage 2, 
but Stage i‘', consisting of two similar ova. Each of 
these then divides, as shown in Diagram ///, forming 
a true Stage 2, comparable to that of Diagram II. 
After this the other stages succeed as in the latter, 
and finally two individuals will be formed, which must 
resemble each other if it be true that individual charac- 
teristics are predetermined in the fertilized ovum. And, 
as a matter of fact, such resemblances are seen in indi- 
viduals whose development may be considered, with a 
very high degree of probability, to have followed the 
lines indicated in Diagram III, ' 



134 THEORIES OF HEREDITY 

The germ-plasm A* is carried on in C and ex hypothisi 
would, in the mature offspring, develop into germ-cells 
with a tendency to divide like those of the parent and 
to produce ‘identical’ twins It is, however, necessary 
to ^ar in mind the effects of union in fertilization with 
a germ bearing different tendencies, as well as the changes 
introduced by the preparation for fertilization. 

The amount of resemblance between ‘ identical ’ twins 
has been shown by Galton,* who traced the after-life of 
about eighty as far and as completely as possible, obtain- 
ing instnictive details in thirty-five cases. Of the latter 
there were no less than seven examples ‘ in which both 
twins suffered from some special ailment or had some 
exceptional peculiarity ’ ; in nine cases it appeared ' that 
both twins are apt to sicken at the same time ' ; in eleven 
cases there was evidence for a remarkable association of 
ideas; in sixteen cases the tastes and dispositions were 
described as closely similar. These points of identit) 
are given in addition to the more superficial indications 
presented by the failure of strangers or even parents to 
distinguish between the twins. 

When the lives of twins were followed in after years 
‘ in some cases the resemblance of Ixxiy and mind con- 
tinued up to old age, notwithstanding ver)' different 
conditions of life ’ In other cases ' the parents ascribed 
such dissimilarity as there was wholly, or almost wholly, 
to some form of illness 

The conclusions of the author are as follows:—* Twins 
who closely resembled each other in childhood and early 
youth, and w^ere reared under not very dissimilar con 
ditions, either grow unlike through the development of 
natural characteristics which had Iain dormant at first, 
or else they continue their lives, keeping time like two 
watches, hardly to be thrown out oi acet^rd except by 
some physical jar. Nature is far stronger than nurture 
within the limited range that I have been careful to 
assign to the latter/ And again, 'where the maladies 
of twins are condnually alike, the clocks of their two 
lives move regularly on, and at the same rate, governed 
* Jaumd ef tht Anihropelegicai IntHluUy 1875, pp. 324 and 391. 
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by their internal mechanism. Necessitarians may derive 
new arguments from the life histories of twins.' 

Mr. Galton furthermore met with twenty cases of twins 
(also of the same sex) in whom the differences were 
greater than those which usually distinguish children of 
the same family. In such twins the conditions of training, 
&c., had been as similar as possible, so that the evidence 
of the power of nature over nurture is strongly confirmed. 
Mr. Galton writes, ‘ I have not a single case in which my 
correspondents speak of originally dissimilar characters 
having become assimilated through identity of nurture. 
The impression that all this evidence leaves on the 
mind is one of wonder whether nurture can do any- 
thing at all beyond giving instruction and professional 
training.' 

The argument thus leads to the conclusion that nearly 
everything which is characteristic of an individual is 
blastogenic, and therefore can be transmitted by the 
continuity of the germ-plasm. We can thus appreciate 
Weismann’s contention that Natural Selection, while 
seeming to decide between successful and unsuccessful 
individuals, is in reality deciding between successful and 
unsuccessful germs. 

Monstrosities (except such as are produced by external 
agencies) can be satisfactorily explained, in the same 
manner as ‘ identical ' twins, by the occurrence, at some 
stage of development, of an equivalent division instead of 
a differentiating division of a cell or a substance which 
is the precursor of the doubled part During the vast 
succession of differentiating divisions which take place 
in the development of one of the higher animals, the 
cells which represent parts of less and less importance 
are gradually told off. Thus the divisions which lead 
to the doubling of a small part of the body would occur 
far later in development than those which would lead 
to the doubling of a large and important part. But 
early or late die occurrence of an equivalent instead 
of a differentiating division at the critical stage was 
predetermined in the structure of the fertilized egg. 
We know that supernumerary digits are in a high 
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degree hereditary, as they would be if the germ-plasm 
were continuous,^ 

Repair, and the renewal of lost parts in certain animals, 
is also explained by the persistence of substances or cells 
of the same kind as those which were the precursors 
of the injured tissue or lost part ; — substances or cells 
which would be ready to initiate development under 
the stimulus provided by an injury. 

The simplicity and beauty of Professor Weismann s 
hypothesis of heredity commends it to our favourable 
attention, and demands a searching inquiry into the 
evidence for the supposed transmission of acquired or 
somatogenic characters 

Into this inquiry it is impossible to enter on the 
present occasion. I will only mention the various lines 
of evidence which require investigation The evidence 
may be either Direct or Indirect. Direct proof would 
be afforded if an undoubtedly somatogenic character 
could be shown to have reappeared in the offspring 
sufficiently often to prevent its explanation as a coin- 
cidence. 1 hus, if mutilations, or the results of training, 
exercise, or education (as apart from predisf)Osition), or 
acquired diseases (some diseases are certainly blastogemc) 
reappeared in the offspring as the result of the operation 
of heredity, the required proof would be afforded and 
the hypothesis of the continuity of the germ-plasm would 
collapse. Many diseases are due to living organisms 
(‘germs ’), and when these reappear in the offspring the 
result is clearly due to inoculation of the embryo or even 
the germ-cell (as in the silkworm disease), and is not 
therefore due to the operation of heredity. 

The present [in 1889] adverse position of the medical 
faculty is in part due to want of discrimination between 
blastogenic and somatogenic characters ; in part to the 
fact that the evidence on which they re^ was collected 
when the transmission of somatogenic characters was 

* Stc Profeswr Windle's inlcresling papers on Teratology, published 
during the last few years [previous to the date at which this address was 
read! in the Journal 0/ Anatomy and Pftytiology, and the Procetdtngs of 
the Birmingham Phtloiophtcal Soeitty. 
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assumed by every one ; and in part to real difficulties 
which, however, require the most careful re examination 
before they can be accepted as proofs of the transmission 
of acquired characters and as the death-blow to Weis- 
mann’s hypothesis. 

If the direct evidence for the transmission of acquired 
characters fails to stand the ordeal of a thorough investi- 
gation, the indirect evidence still remains. If it could 
be shown that certain phases of evolution would have 
been impossible without such transmission, we should be 
compelled to maintain that the latter had taken place. 

The chief lines of indirect evidence are : — The fact of 
individual variation, the effects of use and disuse of parts, 
the facts presented by the phenomena of instinct. 

Individual variation was believed to be due to the 
hereditary effect of the direct action of environment. It 
IS known that in some cases (e. g. certain plants) variation 
has been caused by the direct action of environment on 
the germ-cells while still contained in the body of the 
parent. Such a change is, of course, blastogenic, and 
would be transmitted. There is less evidence for the 
operation of such causes in the case of animals. The 
consideration of twins and monstrosities pointed to the 
conclusion that individual variation is predetermined in 
the fertilized ovum. If it be asked why the germ-cells 
of an individual should differ among themselves, Weis- 
mann has pointed out that there is reason to believe that 
the changes which ova and spermatozoa undergo, as 
a preparation for their fusion in fertilization, must lead 
to individual differences He, therefore, considers that 
variation is produced by sexual reproduction, and is, in 
fact, its raison d'Hre. The meaning of this form of 
reproduction is to supply variations upon which Natural 
Selection can operate. 

The apparently hereditary effects of increased use are 
more probably due to the operation of Natural Selection 
upon a part which is, ex kypothesi, of especial importance, 
combined with the admitted strengthening and growth 
which follow increased use during the life of the indi- 
vidual. The apparently hereditary effects of disuse are 
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more probably due to the cessation of Natural Selection, 
which can no longer maintain the efficiency of a useless 
part. All functional parts of an organism are kept up 
to a high standard by the operation of Natural Selection ; 
withdraw selection and sooner or later degeneration will 
begin. It is very interesting to find that both Galton 
and Weismann independently arrived at the conclusion 
that the cessation of Natural Selection offered a better 
explanation of the gradual dwindling of useless parts, 
than that afforded by the supposed transmission of the 
admitted dwindling which follows from disuse during 
an individual life. 

Finally, the phenomena of instinct seem cai>able of 
explanation by the operation of Natural Selection upon 
blastogenic variations of the nervous system, rather than 
by the supposed transmission of acquired habit. In 
many cases we are compelled to adopt the former theory, 
and it is open to us in all. 

The time at our disposal has made it impossible to 
attempt any real discu.ssion of the transmission of acquired 
characters. I have only indicated the lines along which 
it is likely that discussion will be directed. 


Note. — Mr Francis Galton kindly writes to me (Feb 12, 1907) on 
the sub^t of the first paragraph on p. 134 ' — 'There is plenty of evidence 
that Iwin-beanng runs in families, but I know of no inquiry as to whether 
the tendency to produce identical twins does so It would be a fiard task 
to collect and to sift adequate evidence on this |X)int.' 
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THE BEARING OF THE STUDY OF 
INSECTS UPON THE QUESTION 
‘ARE ACQUIRED CHARACTERS 
HEREDITARY?’ 

'Fhe Presidential Address read at the Annual Meeting of the Entomo- 
logical Society of London, January i8, 1905 Reprinted from the 
Proceedings of the Society, 1904, p. civ. 

Revised addition to footnote 2 on pp 167-8 

To those who incline to criticize the subject of this 
Address as a raking of the embers of a dead and almost 
forgotten fire, I would reply that the controversy which 
sprang into sudden flame — 111 this country in tlie year 
1887 — is still a great memory I trust that it will ever 
remain as a great memory. Of August Weismann it has 
been well said that ' he awoke us from our dogmatic 
sleep’. He made us realize that cherished convictions 
upon fundamental questions were based on nothing more 
solid than assumptions, and thus administered the most 
stimulating shock that has been received by the biological 
world since the appearance of the Origin of Species. 

It was impossible that a controversy of this magnitude 
could be conducted without frequent appeals to the 
Insecta. Their structures, functions, and instincts offeree 
evidence so striking in character, and upon a scale so vast 
that discussion was inevitably attracted again and agaii 
towards this centre. Indeed, the controversy would hav( 
been but one-sided, the conclusion unconvincing, had i 
been otherwise. At the same time discussion is and mus 
be free and, being free, is almost necessarily scatterec 
To attempt therefore to disentangle from the mass an 
to present as a whole the evidence offered by the stuc 
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of insects is of value in two ways. First, we are made to 
realize the importance of our study : by the contemplation 
of its relation to one majestic example we are prepared for 
the belief that our subject is essential for the solution of 
all the widest and deepest problems concerned with organic 
nature as a whole. Secondly, the attempt for the first 
time to marshal the whole of the evidence supplied by the 
study of insects will make it possible to strengthen and 
amplify certain parts, and thus render the whole fabric 
better balanced and more stable. 

I should wish at the outset to express my indebtedness 
to the columns of A^iiure b} means of which nearly the 
whole of the controversy has been followed. Wc are 
happy in the possession of a single journal in which dis- 
cussions on general scientific (juestions are, by common 
consent, carried on. 

' A c(/ui ted Charcuters ’ defined. 

Before beginning a discussion it is important to remove 
any possibility of doubt or uncertainty as to the precise 
meaning of the terms which are employed The word 
‘ acquired ' as used in this controversy has been the source 
of as much confusion as the word ‘mimicry’. Just as 
almost every one who hears of ‘ mimicry ' for the first 
time assumes that the word means a power of intentional 
imitation, so the inexpenenced think that an acquired 
character is any new structure w^hich a sr^ecies has gained 
in the course of its history. ‘Why should we not consider 
every character acquired as an “acquired character".^’ they 
not unnaturally ask. And the answer is the same in both 
cases. Because these ordinary and untechnical words 
W’cre given a special and technical meaning by the writers 
of memoirs which have become classical. In spite of 
all inconvenience both words are, in their scientific use, 
historic, and wc must reckon with the f4ct that they 
have a special meaning which differs from their ordinary 
meaning. 

Erasmus Darwin was, I believe, the first to use 
'acquired' in this restricted sense. 'Fifthly,' he says, 

* all animals undergo transformations which are in part 
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produced by their own exertions, in response to pleasures 
and pains, and many of these acquired forms or propensities 
are transmitted to their posterity.'^ Although Lamarck 
made a preliminary statement of his views on evolution 
in 1802, the celebrated Philosophie Zoologiqiu was not 
published until 1809, fifteen years after the appearance of 
Darwin's Zoonomia, and it is uncertain whether the author 
of the later work had ever seen the earlier treatise. 
Professor Osborn concludes upon the whole that he had 
not ( 1 . c., pp. 1 52-5). However this may be, the technical 
use of the words ‘ acquired characters is chiefly due to 
his memoir. The essential passages are the two following 
Laws of Lamarck • — 

' Premiire Lou — Dans tout animal qui na point depass^ 
le terme de ses d^veloppemens, I’emploi plus frequent 
et soutenu d’un organe quelconque, fortifie peu a peu 
cet organe, le developpe, Tagrandit, et lui donne une 
puissance proportionnee a la duree de cet emploi , tandis 
(jue le d^faut constant d'usage de tel organe, I’afloiblit 
insensiblement, le deteriore, diminue progressivement 
ses facult^s, et finit par le faire disparoitre ’ 

‘ Dcuxicme Loi. — Tout ce que la nature a (ait 
ou perdre aux individus par I’lnfluence des circonstances 
ou leur race se trouve depuis long-temps expos^e, et, par 
consequent, par I’lnfluence de I’emploi predominant de tel 
organe, 011 par celle d'un d^faut constant d’usage de telle 
partie ; elle le conserve par la generation aux nouveaux 
individus qui en proviennent, pourvu que les changemens 
acquis soient communs aux deux sexes, ou h ceux qui ont 
produit ces nouveaux individus.’ ^ 

Opposite to the characters which Lamarck spoke of as 
'acquired' are the characters which maybe called con- 
stitutional, congenital, genetic, inborn, innate or inherent 

' Zoonomia, 1794 Quoted by Professoi H F Osborn, From the 
Greeks to Danvxn, New York, 1894, p.. 145. 

* Philosophie Zoologique, tome 1. p. 235, Nouv. £d., 1830 . quoted by 
Professor E. R. Lankester in Nature, vol xli. 1890, p. 415. There 
had been a tendency in the discussion on this subject to protest against 
the restricted application of the word ‘ acquired ', and it was assumed that 
the use was quite recent, and in fact due to Professor Weismann himself. 
Professor Lankester shows the error of this assumption. 
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Other names have been specially proposed in order to 
render apparent the distinction between these two classes 
of characters. Weismann employed terms which set forth 
their different origin. The inherent characters he called 
blastogenUy expressing an origin that lay fer back in the 
germ-cell from which the individual arose. Acquired 
characters he called somatogenic, to express a later origin 
due to circumstances which had affected the body-cells. 
The word centrifuga/ suggests characters developing from 
within rather than as impressed from without: centripetal 
conversely suggests characters impressed upon the in- 
dividual from without, characters which are not the out- 
come of internal causes.^ Acquired structural changes 
have also been spoken of as modifications, the term 
variation being restricted to characters of germinal origin.- 
All the terms suggested for these two classes of cha- 
racters convey something of a definition. Thus the brief 
convenient definition of acquired characters as ‘ those 
modifications of bodily structure or habit which are im- 
pressed on the organism in the course of individual life’ ’ 
is obviously suggested more or less completely by one 
set of terms, and ‘ those characters or properties with 
which the organism is originally endowed ’ * by the other 
set Another attempted definition of an acquired cha- 
racter is as follows ; — ' Whenever an organism reacts 
under an external force, that part of the reaction which is 
directly due to the force is an acquired character.' ® And 
although it may be impossible entirely to unravel the one 
part from the other, certain elements may easily be dis- 
criminated. For instance, the starting of the reaction as 
contrasted with the sequence of events which make 
up the reaction itself is obviously an acquired element, 
and those who maintain the hereditary transmission of 

* Tkiona of Heredity, in the Midland Naturalist, J/ov. 1889. Re- 
printed in tbe present volume, see p 120. 

• Prof. J. Mark Baldwin, A New Factor m Evolution, in the American 
Naturalist for June and July, 1896. 

* Prof. C. Lloyd Morgan in Baldwin's Dictionary of Phslosopl^ and 
Psychology, New York, 1901, vol. i, p, 10. 

^ E. S. Goodneb, 1 . c,, p. 10, 

• Nature, vol. li, 1894, P- 65 . 



ACQUIRED CHARACTERS DEFINED 143 

acquired characters are required to prove that a reaction, 
which can only be started by an external force in the 
parent, starts without this stimulus in the offspring. 

We owe another definition to Mr. Francis Galton : 
‘ Characters are said to be acquired, when they are 
regularly found in those individuals only, who have been 
subjected to certain special and abnormal conditions.'^ 

Professor Lloyd Morgan s definition conveys nearly the 
same idea ‘ When the complex of stimuli, which con- 
stitute the normal environment, are sufficiently altered (to 
upset that balance established between environment and 
innate qualities resulting in the production of a normal 
individual) to produce an appreciable change, such a 
modification or ‘difference' may be called an acquired 
character.' ^ 

Such results of abnormal conditions undoubtedly supply 
extremely striking examples of acquired characters, but it 
is, I submit, a mistake to make too much of abnormality, 
or to import it into a definition. Some of the most 
marked and certainly the most easily studied and tested 
of acquired characters are the differences between the 
effects of alternative environments, all of which are 
normal, upon the individuals of a single species. The 
green colour of a larva of Amphidasys betularia^ if fed 
upon broom, is an acquired character, as is the dark, 
colour it would assume upon oak, &c. I think therefore^ 
that a more satisfactory definition of, at any rate, a large 
class of acquired characters may be framed as follows : — 

‘ Whenever change in the environment regularly produces 
appreciable change in an organism, such difference may 
be called an acquired character.' 

Sir Edward Fry has objected to Mr. Gabon's definition 
— and his objection would equally apply to that which 
I have suggested above — that ‘the possibility of inheri- 
tance is excluded by the definition, and the inquiry 
whether acquired characters are inherited is impossible 

* Nature^ vol. li, 1894, p. 56. 

® Baldwin's Dictionary of Philosophy and Psychology, vol. i, p. 10. 

^ Nature, vol. U, 1894, p. 198. See also Professor Lankestcr’s reply 
to tbe criticism, on p. 245. 
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This appears to me to be onl) a verbal chfficuk) 
Before attempting to prove whether a certain class of 
characters can be inherited, it is essential to be able to 
decide whether a given character which it is proposed to 
test belongs to the class If a satisfactory criterion can 
be reached we can proceed with the test even though the 
name ‘acquired ' be by our th'finition denied to the cha- 
racter after transmission b) inheritance The interest of 
the result would remain all the same If the character 
were there — appreciable, measurable, —the eflects w'ould 
be incalculable m their importance, and would not be 
diminished one i(Ua b) th(‘ consideratum that the nanu' 
would no longer appl\ Sir Edward Fry’s criticism d(’>es 
indeed suggest a change— soul 1 think a desirable change - 
in the statement of the probhun bor the (juestion ‘ Are 
acquired characters her(‘dit,u\ it wcnihl be more .iccurate 
to substitute 'Can the aisjuinsl Huiracters ol the paieiu 
be handed down as inhenuU (haraiters in the ollspnng ^ 

It IS in no wa\ ik cessar)' th.it the .KSjuired elements of 
a character should be disentangled Irom the mheri nt 
elements if onl\ we can pr(>\( that tin chara( t< r as .i 
whole Is de])endent iip(')n ('()ntrnllai)le ( \t( rnal cause 
and is theirtore its( It coiUiolIabh In la* t we spc .ik ol 
a character as ‘accjuircd iiist .is we sp< .ik of .in .irticle 
as 'manufactured althoiigli the m suit itself is .i c'omph'’' 
of the properties ot ii.ituia! subst.ince s and of changes 
introduces] b\ art ’ 

LamarLk \ StiO)id La:^ d ( on!) adu !io)i of hi\ ! n w' I.a:o 

Before k a\ mg the*sf general introduc tor) consider Uk )ns 
and proceeding to we*igh tlu evidemce olteTeal by the 
insect world it is ol impoitance to demonstrate th.ii them' 

IS an inconsiste nc\ m the teaching of E.imarik and his 
followers w hie h, startling as it is was ne \ < r noin e d until 
jxiinted out b\ Erofe^ssor I: R Eaiikesle i m iSqj 

‘Normal conditions of environment have for man) 

K)r <in intcre^ling discussioti on ihc, icUtioii l)clwt.cn 'acquired 
arid ‘ genetic ’ characters s» c Adam ‘^rdgvot k’'' I'rrsidcntial '■\ddrcS'' tu 
btclion I) of the Bnush Assxiation at Ejvrr {Rttnjrt on 7SQ-66) 

* Natuu vol h 1894 p to. It 
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originally determined it. In opposition to Lamarck, one 
must urge, in the first place, that this thing has never 
been shown experimentally to occur ; and in the second 
place, there is no ground for holding its occurrence to be 
probable, but, on the contrary, strong reason for holding 
it to be improbable. Since the old character (length, 
breadth, weight) had not l>ecome fixed and congenital 
after many thousands of successive generations of in- 
dividuals had developed it in response to environment, 
but gave place to a new character when new conditions 
operated on an individual (Lamarck’s first law), why 
should we suppose that the new character is likely to 
become fixed after a much shorter time of responsive 
existence, or to escape the operation of the first law ^ 
Clearly there is no reason (so far as Lamarck’s statement 
goes) for any such supposition, and the two so-called laws 
of Lamarck are at variance with one another/ 

These passages have Ixien cpioted at length because 
they apply not only to the thoughts of Lamarck but to 
those of many rncKiern naturalists as well, and because, 
so far as I am aware, no attempt has i)een made to meet 
the objection. In its most condensed form the argument 
may be stated thus — Lamarck’s 'first law’ assumes that 
a past history of indefinite duration is powerless to creat( 
a bias by which the present can l>e controlled , while ihr 
second assumes that the brief history of the present can 
readily raise a bias to control the future 

I now pass to the discussion of evidence derived from 
the study of the insect w’orld. 

I do not propose to multiply c.\am])les, but shall br 
content w'ith a few^ of those which seem sufficiently well 
adapted to illustrate the main lines of evidence. They 
have been chiefly, but by no means invariably, selected 
from the I^pidoptcra. This is merely due to the accident 
that my experience has been chiefly gaii^d in this Order, 
and not b^ause the examples are in any way more 
suitable or convincing than those of other Orders. As 
regards the most interesting part of the discussion, that 


* A'a/ufr, vol li, 1S94, p. liy. 
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relating to instinct, the most striking examples have of 
course been chosen from the Hymenoptera. 

The Ortwin of the Pupal Groove which receiver 
the Silken Loop tn Pierinae, &c 

If we examine the dorsal surface of such a Pierinc 
butterfly as Pieris brassitae (the ‘ Large Garden White ') 
or P. rapae (the ‘ Small Garden White ’) it is at once seen 
that the first abdominal segment is traversed by a strongly 
marked line parallel with its posterior boundary . This 
character is so well marked that it presents all the 
appearance of a morphological feature 

A study of the living suspended pupa shows that the 
line is formed by the approximated lips of a groove which 
receives the silken loop or girdle’ as it is often called 
Longitudinal vertical sections of the dorsal cuticle are of 
course transverse to the line, and reveal the fact that the 
bottom of the groove is specially thickened Here was 
a feature at first sight strongly suggestive of the mechani- 
cal effects of linear pressure, pointing to an origin m 
a kind of mutilation performed by the silken cord upon 
the soft freshly-exposed surface of the pupa. When 
I found that removal of the loop before pupation, but 
after the period at which the larva could spin another, 
did not alter the normal appearance of line and groove 
in the resulting pupa, I was for the moment convinced 
that acquired characters are hereditary. But fortunately 
the inquiry did not come to an end at this point. It was 
observed that the Pierine pupae which furnished the 
material for experiment (P. brassicae or P. rapae) invari- 
ably suspended themselves either horizontally or verti- 
cally with the head upward, — fiever vertically with 'the 
head downward. Several larvae of P, brassicae had fixed 
themselves in the normal vertical position preparatory to 
pupation, upon a sheet of glass. Before pupation, but 
after the period at which the larvae could fix themselves 
afresh or indeed make any attempt to spin, the glass 
sheet was rotated through half a circle, so that all the 
larvae came to be suspended head downward. In this 
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position they were compelled to pupate. The condition 
of the resulting pupae clearly reluted the hypothesis of 
a mechanically-created groove and thickening, caused by 
the cuttii^ into and pressure upon the soft yielding 
cuticle. For in the vertical position with head down- 
ward the pupa slips through the silken loop beyond the 
position of the groove, so that the pressure has to be 
borne by an unprepared part of the cuticular surface. 
Upon the mechanical hypothesis, we should expect that 
the fresh surface would gain some measure of resistance 
from the strain , but on the contrary the pupae were all 
hopelessly deformed and the imagines — if indeed they 
could have emerged at all — would have been incapable 
of flight.’ It is evident that from the very beginning 
the loop has been accomjximed by a sufficient strengthen- 
ing of the part of the surface exposed to its pressure as 
soon as the larval skin is thrown off 

The silken loop together with the attachment of the 
posterior extremit\ of the pup is in all probability the 
persistent trace of a vanished cocoon, and we may imagine 
the selective process which made good each step on the 
road of gradual transformation. A cocoon is one form 
of passive defence, cry()tic colouring is .mother, although 
the tw^o are commonly combined, especially in cocoons 
built to endure for comparatively long periods, including 
the times of special stress — the winter of the northern 
belt, the dry season of more southern latitudes. I'hc 
original decline of the cocoon was probably favoured by 
a ^ort pupl perioil falling wholly within the time of 
least stress — summer or the wet season When tlu 
cryptic colouring of the bare pupal surface is as effect! v( 
for concealment as that of the cocoon, it presents certain 
advantages over the latter. The secretion of a larg^ 
fjuantity of material is unneccssar} and tell-tale move 
ments in the period before pupation are Vreatly reduced 
These benefits are conferred when the concealment 

* This expenment has not been published hitherto, ll was, however, 
Liescnl>ed and the pupae exhibited in the discussion in Seetbn D of 
British Association at Manchester, on Monday, Sept 5, 1887. S(C 
Reperi, p. 765 . 
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afforded is equal ; but the pupal cuticle lends itself to 
certain forms of cryptic defence much more freely and 
completely than the walls of the cocoon : — to the pro- 
duction of angular shapes and of smooth or polished 
surfaces, to the attainment of varied colours and the 
perfect gradation of tints, above all to the power of 
individual colour-adjustment. This latter culminating 
effort of adaptation — so commonly possessed by larvae 
and exposed pupae— is apparently extremely rare in the 
cocoon. Indeed the only positive evidence of its existence 
is supplied by Hylophila (Halias) prasinana} and even 
in this case it would be satisfactory to repeat the experi- 
ments on a far larger scale than has been as yet attempted. 
The transition is easy from a loose and open cocoon with 
apertures through which the cryptic colours of the enclosed 
pupa could play their part in defence, through stages in 
which the latter element becomes more and more im- 
portant as the cocoon progressively diminishes, to the 
climax when the almost invisible remnants of the silken 
covering are retained as supporting structures merely. 
In all except small and light pupae a point would be 
reached, at a greater or less distance from the climax, 
when some special strengthening of the cuticle exposed 
to the strain became the indispensable condition of further 
advance. Thenceforth further reduction and further 
strengthening would proceed together, the existing groove 
and thickening being but the concentration of the broader 
band of pupal tissue specially prepared to meet the 
pressure when it first became a danger. 

Comparison with the pupae of some of our common 
British Geotneirae supports the hypothesis set forth above , 
for it is seen that very similar changes have independent!} 
occurred, and occurred so recently that the essential stages 
are still preserved. F urthermore, they are invariably met 
with in species which have a short pupal period passed 
in the warmer months of the northern year. Eugonia 
quercinaria (the ‘ August Thorn Moth ') spins a loose 
and open cocoon, within which the chrysalis, as well as 
the larva before pupation, develops an effective cryptic 
’ Trans, Eni Soc. Lend., 1892, pp. 448-51. 
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colouring.^ Both larva and pupa are freely exposed to 
view through chinks in the scanty network and between 
the imperfectly united leaves. Uropteryx sambucaria (the 
' Swallow-tailed Moth ’) constructs a slight hanging cocoon, 
affording very little concealment. The enclosed pupa 
bears a marked cryptic appearance, while the only experi- 
ment which has been made indicates the possibility of a 
well-developed power of individual colour adjustment.' 
Both these species, and especially the last, have long since 
reached the stage at which the reduction of the cocoon 
became advantageous. In the genus Xojiosoma {Ephyra) 
we independently arrive at the same climax of reduction 
attained in the Picriyiae, &c., the cocoon being repre- 
sented b) a supporting loop and the means of fixation of 
the posterior extremit).'' No search has been made, so 
far as I am aware, for a s|>ecial strengthening of the 
cuticle upon which the loop presses, but it is probable 
that nothing of the kind is required b) these small light 
pupae. The exposed Ephyrid chrjsalis is fully as cryj)tic 
as that of the average butterfly, but it lacks the power of 
colour adjustment When the Eph) rid larva is dimorphic, 
green or brown, the colour of the pupa corresponds 
to that of the larva from which it developed^ Such 
correspondence has not been observed In any olhei 
Lepidopterous insect 

If we take into account the fact \\\dXZono^oma {Ep/tyy a) 
is a characteristic Geometrid genus, although its method of 
pupal suspension is unique in a family w hose species make 
cocoons or bury, we may feel confident that it has been 
descended from cocoon-making ancestors, and that Euj^o 
nia quercinaria and Uropittyx sambucarta give us a clear 
idea of the steps by which the reduction was effected. 

’ Trans Eni Sot Land., 1885, p. 319. 

* .See Colours of Animals, London, 1890, pp ii|, 113. Only one 
example nns placed on white paper before pupation. Although (he 
resolting chrys^ wu very pale and strikingly different from the ordinar\ 
appearance, the evidence is quite instifficient, and it is much to be hoped 
that the expertment will be repeated upon a large scale. 

* Trans. Ent. Sot Lond.. 1884, p. 57. 

* Trans. Enl. Sor. Land.. 1884, p. 51 ; Phil Tians, Roy Aar, vol 178 
(1887), B., pp. 437, 438 
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The ^ect of Gravity upon the shape of Suspended Pupae 
such as those of the Nymphalincu, 

Every naturalist who has watched the pupation of a 
Vanessid must have observed the extraordinary mobility 
of the abdominal region of the freshly-exposed chrysalis. 
Movements of remarkable amplitude take place in every 
direction, and especially in the dorso-ventral plane, these 
latter being essential for the withdrawal of the posterior 
segments from the larval skin and the remarkable feat of 
attachment to the silken boss close to the point from 
which the skin itself is hanging. Success is only rendered 
possible by the remarkable contractile power of the inter- 
segmental muscles along the median ventral area. These, 
by their contraction, keep the rigid hook-armed apex of 
the abdomen firmly pressed to the outside of the larval 
skin up which it is being forced, and enable it to press 
down or push aside any of the stift' spines which oppose 
the movement ‘ these finally bring it to the small silken 
boss which alone provides a secure basis of attachment 
for the terminal hooks. For this purpose the ventral 
muscles require to be far stronger than those of any 
other region, and we invariably find that they entirely 
overbalance the dorsal intersegmental muscles in pupae 
which have been produced on the floor of the breeding- 
cage. In such pupae the abdominal segments are curved 
round towards the ventral side, so that the long axis of 
the apical part forms at least a right angle with that 
of the thoracic region, and this attitude becomes stereo 
typed with the hardening of the pupal cuticle and the 
consequent loss of all power of dorso-ventral move- 
ment. These free pupae form a striking contrast with 
the normal attached individuals in which the long axis 
of the abdominal segments us nearly in the same line 
with that of the thoracic. Suspension by the posterior 
apical hooks and the assumption of a form m which 
the long axis of the body is nearly in one line, is very 
ancient, dating back to the common ancestor of a number 
of closely-related species. For a countless number of 
generations the soft and yielding Vanessid pupa has 



JS2 INSECTS AND HEREDITY 

been subjected to the strain of gravity and has responded 
by the production of a definite shape, viz. one in which 
the long axis is parallel with the line of force. And yet 
not a trace of any hereditary effect is manifest Remove 
the strain and the individual is free, unbiased by the 
forces exerted upon unnumbered ancestors, to assume 
an entirely different shape. 

Vanessid pupae alone, so far as I am aware, have 
been studied from this point of view. Figures of other 
suspended Nymphaline pupae, however, indicate that all 
do not yield equally to the strain, although I believe 
that all are to some extent affected. Tne pupae of 
the Ar^ynnidae Fritillaries ') contrast in an interest- 
ing manner with those of the Vanesddae in this respect 
The strongIy-ciir\'ed pupa of Atjynuis a^lata figured by 
W. Buckler* was probably sup|>orted wholly or in part 
by a leaf, as is suggested not only by the shape but the 
plane of the surface of attachment, as shown in the figure, 
and to some extent by the description. 

WiriahU Proiedivi' Resent b la nct in Insects, 

The power which it is now' known that many larvae 
and pupae f>osscss of changing their colour into corre- 
spondence w'lth the tints of each one of several possible 
environments has been thought to favour the Lamarckian 
interpretation of the origin of variation. Thus the late 
George j. Romanes said of the evidence which had been 
brought fonvard to prove the power in question: ‘It 
has alw'ays appeared to me that the experiments them- 
selves arc among the most valuable winch have hitherto 
been made regarding the causes of variation ' y an 
opinion due, as the writer state.s, to his acceptance of 
the ‘Lamarckian conception’. 

On the other hand, I have never doubted that the 
results are in the nature of a climax rather than a founda- 
tion, that they repre.scnt the highest achievement of 
Natural Selection in the protective colours of insects. 

‘ Ray Society, Larvae of British Butter/tus and Moths, vol. i, Plate X, 
fig. 3^, 1886, 

’ Nature, vol xxxvtii, 1888, p. 364, 
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If these variable colours represented the beginnings 
of ordinary fixed colour variations the species would 
lose and not gain by the change. The essence of the 
protective value is the power of being concealed in each 
of several different environments, and hereditary trans- 
mission of the results would only injure the individuals 
of the next generation. The intricacy of the processes 
by which the stimulus gives nse to each appropriate 
colour-effect is no difficulty to the interpretation based 
on Natural Selection — ‘an agency capable of dealing 
with complex physiological relationships in precisely 
the same way that it deals with all other kinds of 
variations 

The barren conception of ‘ self-adaptation —the hypo- 
thesis that organisms possess a constitution which compels 
them to react adaptively, breaks down when we find the 
adaptation is only possible by means of a specialized 
and complex train of physiological sequences. 

We must remember that the species we investigate 
are ‘heirs of all the ages', thoroughly inured to experi- 
mental research, past masters in the art of meeting 
by adaptive response the infinite variety of stimulus 
provided by the environment. If we remember this 
we shall always be on our guard against a too hasty 
interpretation based on the fundamental properties of 
protoplasm.- 

The hypothesis that organisms are so built that 
they must produce useful variations seems to be little 
more than the old ‘internal developmental force’, or 
‘ innate tendency towards perfection’, in a modern dress 
Furthermore, a consideration of the essential meaning 
of adaptation proves the futility of any such attempt at 
explanation. The ultimate object of adaptation is to 
obtain food, to escape enemies, or to subserve reproduc- 
tion. The most conspicuous adaptations manifested by 

* Professor Meldola in Nature, vol xxxvm, 1888, p. 389 See also 
Professor Meldola’s Presidential Address in Proc Ent. Soi Lond., *896, 
pp. Ixx, Ixxi , and the first scientific paper published by him, viz Pror. 
Zool Soc., 1873, p. 153. 

“ Nature, vol. Ixxi, 1905, p 244. 
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an individual are relative to the condition of the organic 
environment with which its contact is in many respects 
irregular, uncertain, or even wanting. Caterpillars are 
provided with beautiful protective adaptations, but the 
successful individual never comes into contact with an 
enem) But there is an environment which the organism 
cannot avoid — the physico-chemical stimuli of climate 
and food; and it is presumably here, in the inorganic 
conditions of life, that the influences which bear a pre- 
eminent part in evoking useful variations are supposed 
to reside. So that stimuli provided by one form of 
environment are looked upon as the direct causes of 
adaptations which are essentiall) related to another and 
very different environment.’ 

The Insiifut^ of Inucfs 

Those who advocate the hereditary transmission of 
acquired characters ha\e made ^reat use of the argu 
ment that the wonderfully complex and precise adapti\e 
instincts of insects require for their production the 
accumulation of experience and of effort through man\ 
generations Only by such transmission, they maintain 
is it possible to understand such development. 

It is safest to begin with a definition, and I accept 
the brief, convenient, and in my opinion entirely accurate, 
statement of Lloyd Morgan ‘ Instinct (Iei)ends on how 
the nervous system is built through heredit) , whih 
intelligence depends u|>on how' the nervous s)stem is 
developed through used* 

We observe in the first place that the Lamarckian 
interpretation places the more difficult j>ha.ses of th(‘ 
evolution of instinct — the pha.ses when it was not 
instinct at all but something much higher — in some 
remote epoch of the past, and at a lower level of pro 
gress. In such times, fx hypothesis the less develoj^ed 
and presumably less efficient brains of insects did b) 
the intelligent use of experience what they now do 

' The MJbfUncc of the argument set forth in ihii paragraph wa^ 
pubtiabed by (be «rriter m Naturt^ vol. 1, 1894, p, 445. 

Animal B(kjvi<mrs London, 1900, p. uo. 
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mechanically by instinct. This is an inversion of the 
probable course of evolution : the less efficient instru- 
ment has assigned to it by far the more difficult task. 

Apart from this prima facie objection there are solid 
grounds for the belief that the exquisitely perfect opera- 
tions of insects with which we are familiar arose as 
instincts, as instincts were gradually perfected, and that 
intelligence never came into the history at all. 

It is not from the insects which have had the most 
varied experience of enemies, mostopportunity of learning 
by contact with danger how to avoid them, and thus of 
developing their nervous systems through use — it is not 
from these that existing forms have been descended, but 
from precisely those which have had the least experience. 
Even for ourselves experience is spoken of as ‘ the stern 
guide To an insect she is apt to be so stern as to lose 
all her educational value The less an insect sees of her 
the better the chance of existence and of representation 
in the generations of the future The prime necessit)’ 
for an insect, as for all animals which cannot in any real 
sense contend with their foes, is to avoid experience p{ 
them altogether.’ 

This IS an argument with the broadest possible appli- 
cation to all Orders of insects. To the adaptive move- 
ments of a beetle which when disturbed falls to the 
ground, draws in its limbs and antennae, and looks 
exactly like a little lump of earth ; to the alertness of a 
fly to take wung before an enemy is within striking 
distance , to the perfection of all such means of defence 
in insects, and they are numberless, we may apply the 
words of Browning ■ — 

Oh, the little more, and how much it is ’ 

And the little less, and what worlds away ' 


* This argument was brought forward by the present writer in the 
discussion on Are Acquired Characters Hereditary? at the meeting of 
Section D of the British Association, at Manchester, Sept. 5, 1887 
{Report, p. 755). No part of the discussion is published The argument 
IS, however, briefly stated in Proc Boston Society of Nat, History, vol. xxvi, 
1896 P* 39 f (reprinted in the present volume: see pp. 117, irS). and 
also quoted in The Zoologist, Dec. 1900, pp. 551, 552 
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It is all the difference in fact between success and failure, 
between life and death. Comparatively rarely are the 
conditions of the struggle such as to admit of partial 
failure or of improvement by experience. 

One special reason for the passive means of defence 
adopted by the vast majority of insects is to be found in 
the peculiar dangers of their structure. Especially is this 
true of larv^ae, with their haemolymph contained in freely 
communicating cavities, and subject to the pressure of 
muscular body-walls. Hence an insignificant injury may 
often cause death or imperfect development from the 
quantity of fluid which is lost. ‘ It is, 1 believe, in con- 
sequence of these facts that the various means of pro- 
tection in larvae are almost always of a passive kind. . . . 
Nearly all the means of defence against . . . enemies 
[other than ichneumons, &c.] are such as tend to prevent 
the larva from being seen or touched,* rarel) such as to 
be of any avail when actuall) attacked. There may be 
various changes in the mode of defence, but the object 
is always the same,— -to leave the larva untouched, a 
touch being practically fatal.’ ‘ 

Let us consider for a moment the mental operations 
involved in the act of profiting by experience. Consider, 
for instance, Mr A H. Hamm’s interesting observation 
— since abundantly confirmed by the testimony of man) 
naturalists — that the vast majority of the individuals of 
Hybernia leucopheuaria (one of the common ' Winter 
Moths’) rest with the body horizontal, thus bringing the 
lines of the wings into parallelism with the dark shadows 
in the vertical cracks of the oak-bark.' An individual 
which adopted a different attitude and rested so as to 
cause the main lines of its [pattern to cut the main lines 
of its environment might indeed escape by flight ; but 
can any one really believe that a ntoth, or any of the 
ancestors of moths, could associate the special disturbanc(‘ 
and danger to which it had been exposed with the special 
attitude it had assumed, and would as a result of that 
association begin to make changes in its attitude ? It Is 

' Trant, Ent, Soc, Lpnd,^ 1885, pp. 321-3. 

* Proc, Ent. S<K. Lond, for March 19, 1902, p. xv. 
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easy to speak of improvement by experience, perhaps 
easy to think of the progress of an insects education 
unaer the sternest of teachers : — easy so long as we confine 
ourselves to generalities. Attempt to picture the process 
in a definite case, and apply it, as I have done, to account 
for the growth of some special protective adaptation, 
and it is instantly borne in upon us that we are placing 
on insect psychology a load it is altogether unable to 
bear. 

The CocooH’fnakin^ I ns ti tut. 

There are, however, numberless examples in which it 
IS impossible that improvement could be thus effected, 
even if insects did possess the requisite brains, that is 
unless we also accord to them the gift of prophecy. 
These are the cases in which instinct prepares for the 
dangers of a struggle at some future time, when the 
organism which manifested the instinct will have changed 
Its form, and become incapable of making further changes 
in the means of protection, and indeed as a rule entirely 
incapable of making any defence. 

Consider, for example, another observation made by 
Mr Hamm in July, 1900, upon the cocoons of Ma/aoh 
soma tuustna (the common ‘ Lackey Moth ’) spun within 
the leaves of black-currant and apple in his garden at 
Oxford. These he found to be opened by birds, probably 
sparrows, which had pecked a hole in the leaf, thus 
breaking through the cocoon at its thinnest point,* and 
abstracted the chrysalis 

^ The cocoons were exhibited to the Entomological Society on 
March 19, 1902. See Proc Ent Soc Loud , 1902, p. xv 
Mr. W Holland many years ago shoyved that birds attack in this 
particular way, but his observation was upon laivae spun between leaves, 
and not pupae , and the latter are specially suited lor enforcingthe present 
argument. Mr Holland’s observation is as follows — 

‘On the 6th of this month [June, 1890, near Reading] Capt. 
Robertson and I went to get some larvae of popukti from some low 
trees of Populus Iremula which were covered with that species. Capt. 
Robertson had picked off about 100 larvae the night before, but this 
morning when we arrived at the trees, yve found some starlmga had also 
discovered the caterpillars, and had gone over the trees systematically 
from branch to branch, pecking a hole in one side of the spun together 
leaves, and drawing out the caterpillar, and so nearly had they cleared 
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A still more convincing example is to be found in the 
origin and maintenance of the instincts involved in the 
construction of a freely exposed yet admirably concealed 
cocoon on bark. Think of the natural cracks just filled 
up, of tunnels closed flush with the surfaces around, of 
the resemblance to excrescences or ridj^^es which appear 
perfectly natural upon bark. Considering not only the 
forms but the colours and texture of the external surface, 
we recognize at once that such structures are the product 
of a highly perfected group of instincts At first sight 
indeed the case seems to prove too much . for it may 
be thought that such cocoons are so completely hidden 
as to def)' the sharpness of any enem\ however acute, 
and believers in Natural Selection may proj)erly l)e asked 
to bring evidence of the existence of a struggle in which 
the high elaboration of the instincts in question is a 
defence. There is no difficult) in meeting the challenge, 
for s|)€Ciall) directed observation at once reveals the 
existence of a keen struggle in which the concealment 
of the cocoon is the criterion of life or death. 

My attention \sas first directed to this partirul.ir asp(*(-i 
of the struggle for existence in insects, on April i2, i8q;, 
when I found on the bark of Popntus nt^ra near N'oxfoni 
Suffolk, a ecKoon of Ihiranum bifida (the ’ Poplar Kitten 
Moth ’) which had been oi>ened by some enemy, and th( 
f)upa removed The observation is, I believe, a common 
one, in fact Commander W'alker and Mr Holland inform 
me that it is usuall) difficult to find cocoons of this 
species which have not been thus attacked. Never 
theless, for the sake of those who have not had the 
experience, I think it is worth w'hile to re-dcscribc the 
evidence which certainly justifies us in inferring that ‘an 
enemy hath done this 

‘ The edges of the opening w'ere still brown and fresh, 
as was the interior oi the cocoon , and the larval skin 
remained fresh and untouched inside. The opening was 

ihein all off, that v,t bad much tiXKible to find a dozen. Wc caught ih( 
birds in the aci, ami although they had so nearly finished their feast ihcv 
were very unwilling to go, and loudly objected to our disiurbing them,'— 
Knlomologiif i Monthly Mit^’a$tnf, 1S9O1 p. 316. 
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in the middle of the exposed surface and not at one end, 
as it is when the moth emerges. Besides, the cocoon 
had been opened and cracked by a blow from some hard 
object such as a birds beak, and the sharp irregular 
margins were quite different from those of the natural 
opening made by the moth, doubtless by means of a 
corrosive fluid, as in the allied species, Dtcrantira vtnula 
(the “ Puss Moth’"), which Mr O. H Latter has recently 
shown to secrete caustic potash for this purpose. Further- 
more, the moth emerges far later in the year, and, had 
it emerged at an exceptional time, the empty pupal skin 
would have been left behind m the cocoon. We may 
therefore safely assume that the opening was the work 
of an enemy, and, as the cocoon uas five feet from the 
ground, it was probably due to some tree-creeping, bark- 
exploring species of bird It is probable that the 
attention of the enemy is directed to any cocoon-hke 
object by the sense of sight and that the object is then 
tapped, and, if found to be hollow, opened and the pupa 
devoured.' ‘ 

The cocoons of bijida are spun m the autumn, but the 
attack did not take place for several months. The 
example is probably t)pical in this respect The pro- 
cryptic preparation of the autumn is the adaptation by 
which the average numbers of the species are kept up m 
spite of ceaseless bark-hunting during the months when 
the trees are leafless and food is scarce. The Lamarckian 
interpretation fails to account for the cocoon-making 
instinct for two very sufficient reasons, first, a chrysalis 
IS incapable of learning by experience how to improve 
anything, — even more obviously incapable of learning 
concerning a structure which it never makes. Secondly, 
however intelligent a chrysalis may be, the experience 
Itself is of such a nature that its stores of learning cannot 
be handed down to posterity ^ 

' The enemies of Lepidoplerous pupae em/osed in bark-formed cocoons 
— Science, xxiii, 1894, p. 62. The date of the observation is erroneously 
ffiven as the year of issue instead of 1893. ‘^ome of the later sentences 
of the same communication are also quoted ^\l^h slight modification on 
the present occasion. 

“ This argument also is briefiy stated in the Pioc. BoUon Soc. Nai, 
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If the Lamarckian interpretation of the cocoon-making 
instinct must inevitably fail, as I think we shall agree it 
must, what is there to put in its place ? Those who 
believe in the efficiency of Natural Selection in evolution 
will probably regard the instinct of building these beauti- 
fully-adapted structures as the outcome of countless 
generations during which the attacks of enemies have 
been, on the whole, more successful against the products 
of less perfected instincts and less so against those of 
the more perfected. They will further suppose that the 
increasing perfection in instinct has acted selectively on 
enemies, sharpening their faculties, until, by action and 
reaction, the present high level of constructive skill has 
been reached, and is maintained. 

The I ns ti puls of l/u IfytPtenopiera. 

No discussion of instinct would l)e ih anyway complet( 
Without a consideration of the most wonderful examples 
of all, VIZ. those manifested by the Hymenoptera. Tin 
instincts of the Fossorial Aculeates in providing for their 
larvae — studied with all the sympathy of a born natura- 
list and described by a master of style — have formed 
the foundation of a gigantic speculative edifice. I'hr 
controversy has in reality been a three-sided one. 

I. First, we have Fabre disbelieving in evolution alto 
gether, and adducing evidence that his favourite insects 
have not gained their wonderful instincts by progressive 
change, pointing out that they j^erform their duties undi r 
some stimulus which to them is im|.>erative, whether th< 
object of their pains be achieved or not argming, for 
example, that in those that feed their larvae from time to 
time, the stimulus to enter and deposit the insect food is 
not the young larva itself but the door of the tunnel 

II. S^ndly, Lord Avebury and the late George J 
Romanes have argued in favour of evoftition byagradird 
education, finally inherited as instinct. There is reason 
to believe that Darwin accepted the same view. Il< 
certainly never opposed it L^rd Avebury alludes to ilu 

Htp!., vol. ixvi, 1895, p 39 r (reprinicd on pp 1 17, 1 18 of thi* voluni-n, 
and quoted in Tkt Dec. 1900, pp. 551, 552 • 
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letter written to Fabre, in which Darwin ‘refers to the 
great skill of the Gauchos in killing cattle, and suggests 
that each young Gaucho sees how the others do it, and 
with a very little practice learns the art’.* 

Lord Avebury identifies himself with this view, which, 
indeed, he had himself set forth in the Contemporary 
Review, in 1885. Concerning the instinct of the Ammo- 
phila to sting the ganglionic centres of its caterpillar prey, 
he suggests that ‘during these long ages they may have 
gradually learnt the spots where their sting would be 
most effective, and . . . so have gradually acquired their 
present habits’.- He finally concludes that ‘ these remark- 
able instincts’ are *the result of innumerable repetitions 
of similar actions carried on by a long series of ancestors 
George J. Romanes, in reviewing Lord Avebury’s book, 
goes much further — ‘ Here, by the way, we have an 
excellent instance of the difficulty which we so often 
encounter in the domain of instinct, when we relinquish 
the so-called lamarckian principle of the inheritance of 
acquired characters. The hypothesis in question goes 
upon the supposition that some of the ancestors of the 
Sphex were intelligent enough to notice the peculiar 
effects which followed upon stinging insects or caterpillars 
in the particular regions occupied by nerve-centres, and 
that, in consequence of being habitually guided by their 
intelligence to sting in these particular regions, their 
action became hereditary, / t\ instinctive. But if, in 
accordance with post-Darwinian theory, we relinquish 
this possible guidance by intelligence, and suppose that 
the whole of this wonderful instinct was built up by 
natural selection waiting for congenital (i.e, fortuitous) 
variations in the direction of a propensity to sting, say, 
the nine nerve-centres of a caterpillar — then it surely 
becomes inconceivable that such an instinct should ever 
have been developed at all.’^ 

^ Sir J. Lubbock, Cht the Senses, Instincts, and Jnteliigence of Animats, 
With Special Reference to Insects London, 1888 Internat. Set. Ser., 

p. 248. 

* Ib. p. 348. Ib p 252. 

* Nature, vol. xxxix, 1888, p. 77. 

fOULTON 
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Eimer is even more rash in his statements : — * This is 
one of the most marvellous instincts that exist; since 
the wasp operates on various larvae with nervous systems 
of various forms, she must effect the paralysis in various 
ways, and even apart from this, she makes a physiological 
experiment which is far in advance of the knowledge 
of man. ... It may be suggested that the wasp only 
paralysed the larvae in order to carry them more easily ; 
but even if this were the case, she must, since she now 
invariably acts in this way, have drawn a conclusion by 
deductive reasoning. In this case it is absolutely impos- 
sible that the animal has arrived at its habit otherwise 
than by reflection upon the facts of experience.’ 

Mr. and Mrs. Peckham make the following comment 
upon this wild passage from Eimer : — ‘ One can hardly 
be expected to take such statements seriously, since it is 
certain that the writer has no knowledge of the life 
histories of these insects.’ ‘ 

III. Thirdly, there arc those who l>elievc that the 
instincts in question are to be explained by the operation 
of Natural Selection upon hereditary nervous mechanisms, 
who believe that the Lamarckian principle of the heredi- 
tary transmission of education has never come into the 
history at any stage. Fabre’s observations are quite 
consistent with this view , in fact it would almost appear 
that Darwinian evolution as apart from Lamarckian 
evolution is really unknown to this great naturalist. He 
seems invariably to strike Lamarck when he aims at 
Darwin. In this, however, he is only acting in the same 
manner as the majority of the early critics of the Originr 
In attempting to decide upon the past history of these 
insects the first necessity is to be sure of the facts. 
Fortunately the ground has been re-traversed by Mr. 
and Mrs. Peckham, so that we can compare the observa- 
tions of great and keen naturalists in tw® hemispheres. 

‘ Tht Instmtls and Habits of the Solitary Hasps, by George VV, and 
EHzabeth G. Peckham, Madison, Wis., 1898, p. 221. 

* Proc. Boston Soc. Hat, Htst,,\o\, xxvi, 1895, pp. 377-9 (pp. 102-4 
of this volume). Sec also PouJton, Charlts Darwin and the 'Fheory oj 
Natural Selection, London, 1896, ebaptemix, xx, pp. 144-60. 
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We find that by the study of nine wasps of an American 
species, A. urnaria, of the very genus A mmophtla, which, 
as previously described, chiefly furnished the basis of 
speculation, the American naturalists have shown that 
the immense superstructure is in large part due to a fertile 
imagination. So far from the assumed perfection and 
accuracy with which every detail is supposed to be 
repeated, the instinct is shown to be excessively variable. 
The frequently-quoted conclusions that the object of the 
sting is to reduce the larvae to helplessness and yet keep 
it in a fresh condition, that a dead larva would be unsuit- 
able food and an active one a danger to the offspring of 
the wasp — all these conclusions are entirely disposed 
of by a few careful specially directed observations These 
show that the larva rapidly dies in a large proportion 
of cases and yet affords excellent food, and that it may 
remain sufficiently uninjured to wriggle continuously 
without stimulation, and to move violently when bitten 
by the larva of the wasp.^ 

The following activities or performances are regarded 
as truly instinctive, viz. as due to the compulsion of heredi- 
tary nervous mechanism . — Stinging, the methods of attack, 
capture and carriage of prey peculiar to each species, the 
kind of prey selected, the general style and situation 
of the nest, the form of cocoon.- 

The American naturalists finally conclude their volume 
with these words : — ‘ The general impression that remains 
with us as a result of our study of these activities is that 
their complexity and perfection have been greatly over- 
estimated, We have found them in all stages of develop- 
ment and are convinced that they have passed through 
many degrees, from the simple to the complex, by the 
action of natural selection. Indeed, we find in them 
beautiful examples of the survival of the fittest.' ^ 

As long ago as 1889 the present writer had argued 
that the Lamarckian interpretation of the instincts of 
Ammophila or Sphex introduced the same difficulty as 

* Iftstifuls and Habth of Solitary Wasps ^ pp 30, 31. M. c. p 334. 

* See the review of Dr. and Mrs. Peck ham s work in Nature, vol. Iix, 
* 899 » PP- 466-a. 
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that alluded to in the discussion of the cocoon-making 
instinct. It implied a gift of prophecy, a knowledge of 
what would happen to offspring after the burrow had 
been sealed and the inmate left to its fate.* 

Another powerful argument is derived from the com- 
parison between the instincts which are performed but 
once and those which are performcil many times in a 
single life. Various elaborate performances are under- 
taken but once in an insect s lifetime, and thus are always 
‘ prior to individual exfKTience I'he behaviour which 
leads to the production of an elaborate cocoon or the 
burial of a larva in its earthen cell is clearly instinctive, 
and the most convincing evidence would he required — 
evidence which it is needless to say is entirely lacking - 
in order to prove that certain insects which perform an 
act no more elaborate many times in their lives are guided 
by anything except the compulsion of a ' nervous s)stem 
built through heredity If the cocoon-making instinct 
has evolved through selection, the comlhmaking instinct 
of the social Hymenoptera has surely aris(Mi in the sam(* 
w'ay and not through the operation of an entirely different 
set of causes. 

As a matter of fact, I have witnessed the [)erfection of 
comb-building ‘ prior to individual e\(K'riencc ‘ and imd(‘r 
conditions which prevented the worker from profiting by 
the experience of others, I have seen ‘ the worker ol 
a sj)ecies of freshly emerged from the i)upa, and 

* The argument wis usc/1 in the Dtuusston oti Aii^unfd Char^uftrs in 
Section D of the British Association at Newcastle, Friday, SeptcmlxT i 5, 
1889. See Report^ p 620, where, howe\tT, only the title of the pafyer 
printed 'I'he following sentences arc quoted from the abstract in Naturf, 
vol. xl, 1889, p. 610 • 

‘ With regard to instinct, Dr Romanes had suggested a dilTicuIty —that 
was, the inaiinct of certain wasjjs to sting and paralyze the nerve centres 
of ihcir prey. But it must be remembered that the benefits ansing from 
this instinct were felt not by the yy’asjis themselves, li^l by their progeny.' 

In Proc. Boston Soc. Nat Htst , vol. xxvi, 1895, p. 39a (pp i iH, 1 ig 
of the preaent volume), the argument is stated in greater detail. 

• For instance, ibe cocoon-making instinct, already alluded to (see 
pp. 157-60). Weismann has directed particular attention to thi'^ 
argument against a Lamarckian interpretation {Tht Evolution Theory 
London, 1904, vol. i, pp 155 ct loq.). 

* voL Ixv. 1901, p. 51. The passage has been slightly mo<lified 
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the sole perfect insect upon the young comb (the queen- 
mother having been previously killed) immediately seize 
upon the broken material of the comb and begin accurately 
and with exact precision to build up the thin and delicate 
sides of injured cells containing the living larvae 

The strongest of all arguments against Lamarckian 
evolution was advanced nearly fifty years ago by Darwin 
in the first edition of the Origin of Species , and here too 
we see that demonstrative evidence was supplied to the 
greatest of all naturalists by reflection upon the insect 
world, and of the part of it which we are now considering. 

‘ No amount of exercise, or habit, or volition,’ he says, 
speaking of ants, ‘ in the utterly sterile members of a 
community could possibly have affected the structure 
or instincts of the fertile members, which alone leave 
descendants. I am surprised that no one has advanced 
this demonstrative case of neuter insects against the well- 
known doctrine of Lamarck 

It is indeed surprising that Darwin himself, after his 
own crushing argument against the hypothesis of evolution 
by inherited experience, should have been willing to admit 
some tincture of the same principle in other parts of the 
wide field. If we are perforce thrown upon unaided 
Natural Selection for the origin and grow th of the most 
complex and specialized societies of the Hymenoptera, 
what need have w’e for co-operating causes of evolution 
elsewhere ? 

I conclude this section of my Address dealing with the 
most remarkable of all nerve-mechanisms of instinct knowm 
to us, with the following impressive comparison, made by 
Professor Lankester, after contemplating the higher forms 
m which instincts have been replaced by the power of 
educability. — ‘The character which we describe as “educa- 
bility "can be transmitted; it is a congenital charactiT. 
But the results of education can not be transmitted. In 
each generation they have to be acquired afresh. With 
increased “ educability " they are more readily acquired 
and a larger variety of them. On the other hand, the 

‘ Nature, vol. Ixv, 1901, p. 50. 

^ T/te Origin 0/ Species, London, 1859, P* ^4^ 
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ncrve-mechanisms of instinct are transmitted, and owe 
their inferiori^ as compared with the results of education 
to the very fact that they are twi acquired by the indi- 
vidual in relation to his particular needs, but have arisen 
by selection of congenital variation in a long series of 
preceding generations. 

‘ To a large extent the two series of brain-mechanisms, 
the " instinctive and the “ individually acquired ", are in 
opposition to one another. Congenital brain-mechanisms 
may prevent the education of the brain and the develop- 
ment of new mechanisms specially fitted to the special 
conditions of life. To the educable animal — the less there 
is of specialised mechanism transmitted by heredity, 
the better. The loss of instinct is what permits and 
necessitates the education of the receptive brain. 

‘ We are thus led to [the] view that it is hardly possible 
for a theory to be further from the truth than that 
espoused by George H. Lewes and adopted by George 
Romanes, namely that instincts are due to “ lapsed " 
intelligence. The fact is that there is no community 
between the mechanisms of instinct and the mechanisms 
of intelligence, and that the latter are later in the history 
of the development of the brain than the former, and can 
only develop in proportion as the former become feeble 
and defective.* * 

The bearing of Insect IVarttini^ afui Mimetic Colours 
upon Ou supposed Hereditary Transmission of Experwuc 
by their Vertebrate Enemies. 

Adaptations which facilitate the education of entomo 
phagous vertebrates are so perfect and so widc-sprcatl 
in insects that they constitute a large body of indirect 
evidence in favour of the non-transmission by heredity of 
the results of experience. Fritz Muller, ^ his celebrated 
theory of mimicry, suggested that the object of the likeness 
between the warning colours of specially-protected species 
was to reduce the danger from the attacks of young and 
inexperi^ced enemies. This is all the more interesting 

* From the JubiJee Volume of the if Paris, 1899. 

Reprinted in Nature^ vd. 1 * 1 , 1900, pp. 634-5. 
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because, as Professor Meldola has pointed out, ‘in 1879 
the question of the non-transmission of acquired characters 
had not been brought into prominence. It was tacitly 
assumed in the theory of Bates that a knowledge of 
edible and inedible types could be transmitted by heredity. 
It is remarkable that Muller, by virtue of his hypothesis, 
should have unconsciously challenged this tacit assumption 
by suggesting that young birds had to learn by experience, 
and did not derive their knowledge of eatable and dis- 
tasteful forms by heredity. The whole tendency of Pro- 
fessor Lloyd Morgan’s work of late years has been to 
confirm this suggestion by actual observation and experi- 
ment ; and Mr. Finn, also, in summing up his results, 
states that “ each bird has to separately acquire its ex- 
perience, and well remembers what it has learned." Thus 
the Mullerian theory of 1879 has now been placed on 
a psychological basis of well-ascertained facts.’ ^ 

The problem has been attacked from both sides with 
concordant results. In contemplating the vast scale upon 
which these aids to memory and education are developed, 
it is necessary to take into account the pressure of the 
struggle for existence upon the enemies themselves. 

* This pressure is chiefly felt by the >oiing, and it is so 
excessive that comparatively few individuals in the fresh 
wave sent forth at each breeding season, survive to 
become mature and experienced. It follows from this 
fact that the amount of selective pressure exerted by 
inexperienced enemies of insects is many times as great 
as that which is due to the educational period of the 
mature enemies existing at any moment.’- We also realize 

' Nature^ vol. lx, 1899, P* 57 

* Proc. Eni. Soc ^ Land , 1903, p Ixv The form of the passage has 
been slightly modified. 

My kind fnend Dr. A. R. Wallace, DC.L., FRS, wrote (April 3, 
1905) concerning these quoted sentences — ‘There is one short passage 
. . . which I had to read two or three times to see the point, which is 
quite sound but loo condensed. ... It wants much amplifying to make it 
clear. . . .’ 

The argument may be stated in another and I hope clearer form, as 
follows : — 

The numbers of the species keeping approximately constant over 
a long period of time, we are compelled to suppose that each pair of 



i68 INSECTS AND HEREDITY 

the fact that insects as food are of far greater importance 
than might be at first sight supposed ; for they supply 
not only the insectivorous species but those other forms 
which in turn prey upon them. 

Thus, when we bring together the evidence supplied 
by the study of insects it is seen that it nowhere sup- 
ports the assumption upon which Lamarckian evolution is 
founded, the assumption that acquired characters are 
transmissible by heredity. 

Before leaving the Chair at the conclusion of my second 
year of office I desire warmly to thank the Officers, 
Members of Council, and Fellows of the Society, who by 
their kindness have made my task so easy and altogether 
pleasurable. You will. I know^ full well, accortl the 
same generous s\ mpathy to my successor, and under 
his guidance I feel confident that the pros})cnty of 
recent years will be continued, I hope in even larger 
measure. 

Before taking leave of the Fellows in my official 
capacit) 1 desire to direct their attention to two thoughts, 

insect-eating l)irds of one generation is on the a\crage rojilaccd in tin- 
next generation by a pair and only a pair of i(s off8j)ring Consequcnili . 
each pair produces relatively enormous numl)crs of young which are 
destined to destruction If, merely as an illusiraiion, wc suppose that ihc 
duration of il»c natural individual life in a gi\en sjjeciCb of tmall bird is 
ten years, and that five )Oung arc produced cacli year, tlicn the pressure 
upon insect life of a single family during one generation is llul exerted 
by two adult birds, the parentb, I)) the two offspring which will 8ur\’i\e 
and lake ihcir place, and by fort) -eight offspring which will ihcmsehc^ 
succumb in the struggle for existence at various ages S|K*cial attention 
is here directed to the pressure of these fort) -eight, of which a large 
proportion will not .survive for more than a very small fraction of the 
natural term of life. Ever^ season will bring forth Us fresh supply of 
five young uneducated enemies of insects. An) of these which live long 
enough to feed themselves will enter upon an educational career during 
which they will exert ilial very kind of selection ^hich tends towards 
Mullerian (Synaposcmatit) mimicry. After exerting this pressure for 
a variable time they will themselves succumb ; and there is no doubt that 
only a very small proportion will survive until their education is complete 
Eilcnding these conaidemtions to the whole community of insect-eating 
birds in any country, wc realize at once that the selective pressure of the 
inexperienced enemies is, as has been maintained above, many times as 
great as that exerted by the expenenced and educated. 
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both of which I have endeavoured to keep prominently 
before the Society, thoughts which I trust will always 
inspire our meetings. * ^ 

First, ever to remember the high significance of the 
material we study; to realize its priceless value for the 
elucidation and the solution of problems the most intricate, 
difficult and important ; to feel that this unrivalled 
opportunity is a serious personal responsibilit). 

Secondly, always to bear in mind that London is a 
great deal more than the capital of England, and that 
the Entomological Society of London can do much to 
help the work of naturalists all over the world-men in 
some conditions better off than we are, in other condi- 
tions less well provided ; — with new and inspiring problems 
at hand calling for study, but without the stimulus and 
the continual aid of our vast stores of literature and our 
easy intercourse with kindred minds We can do much 
to help such men, not only by means of our publications 
but even more by establishing contact with them, by 
showing them that their work is of value and interest 
to the naturalists of a distant land And although I 
know full well that such encouragement will be offered 
freely to every naturalist who may approach us, what- 
ever be his nationality, yet the wude extent of the British 
Empire and the roving spirit of her sons, ensure that it 
will be our own people in many lands w'hom we shall 
chiefly benefit, who wall benefit us in turn. And thus 
we may hope to aid in no small measure the forces that 
make for sympathy and friendship and true union between 
men whose communication is thwarted by both time and 
space. And this happy result wall be achieved by and 
will itself promote the advancement of that branch of 
learning for which this great Society came into being, 
grew into strength and beneficence, and aw'aits I doubt 
not a yet more glorious future. 
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Note.— T he following statement formed part of the general mlroduc- 
Uon to the Anniversary Address The importance of the subject, and 
the very insufficient attention as yet directed to it, are my excuse for 
reproduang it in the present volume 

Before I proceed to the subject of my address there is 
one imjX)rtant point u[X>n which I feel bound to warn not 
only this Society, but other Scientific Societies as well. 
I refer to the endiirin^^ (pialities of the pa[>er on which 
scientific publications are often printed, and still more 
emphatically the ‘paper’ on which they arc often illus- 
trated I allude csjx^ciall) to the so-called ‘art pajxrs’, 
assuredly named on the principle ‘ ut Incus a non liicendo’ 
The opaque, \\hite, {xilished surface, which fields the 
most successful ‘ half tone ’ and ‘ thret'-colour ' printings, 
IS at present onl) possible by nusans of a vene(‘r of china- 
clay Dust It IS, and we <ir(‘ assiir(‘d b\ c\|K‘rts that not 
man) )ears will pass b\ lx fore it succumbs to the late 
which the highest <iiithoiit) tells us is in stoie for dust 
For the purposes of ad\ ei tis(‘m( nt this is no disadvaie 
tage the cmiic ma) (\(mi maintain ihattlu' wiiiingsof the 
present da) are, to the gieat Ixmelit of the human race, 
rccord(‘d upon a fitting nu dium Hut e) nicisin has no j)art 
in science, and e\ ( r) b\ How of this Socn t) will agr(X‘ that 
an age producing scKUUific n cords wliah cannot Ik made 
to endun , is an agr to Ix' riL,lul) sionud ij) the genera- 
tions of th( iuturr - scorned <is oiu* that sunk to the 
lowest l(wel of j>roduction. that, mt( lleCluallv, owing its 
ver) existeixa to tin nolih standard o ached b) da)s )et 
earlier, took tin lx m lits, ,uul dt'lil erat( 1) or (arelessly 
neglected m like rnanm r to .issist its sikmssois 

We have onl)' to relic c t upon tin par.i mount imj>ortaiu 
of tradition in order to rc ali/c tin wc ight of our rc sjxmsi- 
l)ilities Floyd Morgan, discussing the. trend of human 
development, speaks of a ' transfi n ncc of evolution from 
the individual trj the environnumt uhnh ‘ ma) l(*ave the 
faculty of the race at a standstill, while the dLtuevenunt^ 
of the race are j>rogressing by leaps and Ixiunds’’ Or, 
again, he contrasts tlie j^rogrcssive c\olulion of the 
intellectual and moral edifice of societ) with the ccs*>ation 

‘ Habit and ItaiiHii London, 1896 p j^o 
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of evolution, perhaps even the declining level of ‘ the 
human builders that contribute in each generation a few 
more stones to take a jiermanent place in its fabric 'd 
This great edifice was founded on oral tradition Later 
on written tradition, and still later printed tradition took 
Its place When Society comes to depend upon the one 
It m large part ceases to depend upon the others, and in 
changing its methods it is itself changed Contrast, for 
instance, the [)eriod in the life of each one of us when we 
ceased to remember the affairs of daily life and gave our 
memory into the keeping of ink and paper Although 
much was gained in the inevitable change, something was 
lost Until rcc(‘ntly then' ha\e been man) [)eople in this 
country, tlu‘r(' are probably a few now, who, unable to 
read or wTite, can remember the details of complicated 
accounts in a m, inner astonishing and im[)ossibl(* to those 
w ho f)ossess thesis arromplishnuMits \\\ see that when 
society m <iny .ige h.is conu' to dejiend upon printing it 
will be through printing and not in oth<Twa)s that it will 
contril)iit(‘ its chief share to the somal edifice and this is 
not a meie truism, for that agi'will ha\^ lost in large 
nu'asnri otlu'r j)owers which would ha\e dc'vc'lopt d m 
earln r times powers whic h would still dc‘\elop if ]jrinting 
ihd not ( \ist 

Our American frie luL, who (‘liter so tlioioughly into 
the ( ss( ntials of a subiee t wh(iu‘\er the\ direct their 
attention to it ha\e ne)t, so far as I am .iware, made 
ail) determined ittack upon this probh'm Indeed, the 
majeint)' e>( the* scie ntitie' works, whic'h the ) so freely and 
g< ne lousl) jelacf' at the* disposal of students in otlu'r lands, 
arc* jcrinted u[H)n malcrial I cannot call it pa|K*r— con- 
strue ted of the felte'd fragments of wood, er of a thin 
jiajUT backing overlaid .ind loaded with (.liina-cla) The 
latter class ar( abnormall) heav\.th(* fornu'r abnormally 
ii^it 

This is a matter so important that it ought not to be 
left to the IVcsidcnt of your Society to sound the warning 
It IS a matter which it would have been well if the Royal 
Society or the British Association had taken up years 

’ I «- P 345 
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ago. It is not creditable to have left to our artist brethren 
a subject of such paramount importance to ourselves; for 
to them belongs the honour of having made the only 
serious attempts to improve our practice and to call 
attention to the evil. 

To the trades concerned I would say that it is strange 
want of enterprise to continue methods and use materials 
which only require to be thoroughly understood to ensure 
a swift and sudden collapse for all but the most ephemeral 
purposes, I know no producer, scientific or other, whose 
self-respect would suffer the emplojment of materials, 
however good tlie effect, however low the cost, which 
w'ould not last over so brief a period as five-and-twenty 
years. 

I desire to thank Mr Horace Hart, Controller of the 
Oxford University Press, and Mr j W North. A R A . 
for the kind manner in winch they have freely given 
information on this most mi[)ortant matter. 
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A REMARKABLE ANTICIPATION OF 
MODERN VIEWS ON EVOLUTION 

Reprinted fiom Science Proi^ress, N’evv Senes, vol j, no 3, April, 
1897 

Rn'ntd additional fontrnde^ 

The j^^reat pioneer of modern anthropological and 
ethnological research-- James Cowles Prichard, was born 
at Ross, in Herefordshire, February ii, 1786. The 
following brief account of his life is taken from an article 
by Professor E. B T)lor, F.R Sd Prichard was brought 
up as a member of the Society of F'riends, to which body 
his parents belonged. He joined the medical profession, 
taking his Doctors degree at Edinburgh, ‘afterwards 
reading for a year at Trinity College, Cambridge, whence, 
Joining the Church of England, he migrated to St. John's 
College, Oxford, afterwards entering as a gentleman 
commoner at Trinity College, Oxford, but seeking no 
degree in either university. In 1810 he settled at Bristol 
as a physician.’ Among his many great achievements in 
anthropology was the proof ‘ that the Celtic nations are 
allied by language with the Slavonian, German, and 
Pelasgian (Greek and Latin), thus forming a fourth 
European branch of the Asiatic stock (which would now 
be called Indo-European or Aryan)'. His treatise on 
the subject, entitled Eastern Origin of tfio Celtic Nations^ 
appeared in 1831, ‘It is remarkable that the essay by 
Adolphe Pictet, De I' Affinity des Langues Celtiques avec 
le Sanscrit, which was crowned by the French Academy 
and made its author’s reputation, should have been pub- 
lished in 1837 evident ignorance of the earlier and in 
some respects stricter investigations of Prichard.' 

’ Encyclopaedia Bnlannica, 1885, vol. xix, pp. 722, 723. 
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Although Prichard’s memory is much honoured, it 
appears that in one important respect he has not hitherto 
received his due. My friend Professor Meldola, F.R.S., 
lately drew my attention to a section of the second 
volume of Prichard’s Researches into the Physical History 
of Mankind^ which, as he pointed out, antidpated in 
we clearest manner the arguments which have been 
recently advanced by Professor VVeismann in favour of 
the non-transmission of acejuired characters. The deep 
significance of the passages m question had been observed 
by Dr. Maurice Davis, J.R, who brought them under the 
notice of his son-in-law, Professor Meldola. 

In response to Professor Meldola's invitation to pre- 
pare an account of this most interesting contribution 
to the history of evolution, 1 read the work carefully 
and soon found that other important ideas are anticipated 
in it. 

Thus, Prichard apprehended with perfect clearness 
that domesticated races of animals and plants have been 
produced by the selection of man and not by favourable 
surroundings, careful training or cultivation. 1 le believed 
in the possibility of organic evolution and supported it 
by excellent arguments which still have the strongest 
weight to-day, Ke even recognizetl the operation of 
Natural Selection, although he assigned to it a subordinate 
r61e.'' The most im[X)rtant anticipation is, however, th*‘ 
masterly discussion on the transmission of acquired 

* and ediiion, 1826. 

* Mr. Francis Darwin, F R.S., and Professor A C, Seward, F R S , 
consider that the present essay exaggerates ' the depcc to which Pnehard 
believed in evolution' {Mort Letkrs of CharUs Danmrt, vol. 1, p. 4]. 
London, 1903), and, while admitting the tendency of pamges here 
brought forward, believe that they arc eniirely ncuiralnetl by otfRr 
ptsstgti. 1 had endeavoured to make it evident that this antagonism 
exists in Prichard’s writing, not only as regalds the cvolulion.iry 
passages, but also in those c&aling with the non-transmission of acquired 
characteri. My ob^ was and is to show that certain of Pnehard n 
thongliti^ as expnwed in his pubhsbed works, were a remarkable 
artkapalion of modem views on evolution. The historic and human 
iiUemt of these thoughts remain, ntHwithstanding the fact that they were 
abandoned their author in klw yesri, and were even inconsisienj with 
Other ihonghu to be Icund in the same work. 
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characters, a discussion in which the distinction between 
acquired and inherent or congenital characters is clearly 
drawn, and many of the most difficult cases are fully 
argued out, the conclusions reached being those inde- 
pendently arrived at by Professor Weismann over half 
a century later. 

It is very remarkable that all this should have passed, 
as I believe, unnoticed. The neglect can only be ex- 
plained by supposing that this particular edition was 
never consulted, but that Darwin and others always went 
to later editions of the same work. I shall be able to 
show that Prichard was not very confident in the strength 
of his own conclusions and, so far as I have consulted 
his later editions and works, I find reason for the belief 
that his convictions weakened still further Indeed, strong 
indications of uncertainty are to be found in the second 
edition itself, although they are confined to the later 
sections, and do not appear in close proximity to the 
important conclusions which they nevertheless affect. 

It is certain that if Darwin had read this second edition 
he would have given Prichard a high place in the account 
of the history of evolution which appears in the intro- 
duction to all later editions of the Origin} So too would 
my friend Professor Osborn have given high honour 
to Prichard in his interesting work, From tiu Greeks to 
Danvm, It is an anomaly that such works as the Vestiges 
should attract attention, while Prichard’s keen insight, 
sound judgement, and balanced reasoning on many aspects 
of organic evolution, and especially on the scope of 
heredity, should remain unknown. 

I am very far from maintaining that these most 
interesting anticipations in any way diminish the credit 
of those recent writers who have treated tlie same sub- 
jects in greater detail and of course independently. The 
interest evoked by Dr. Davis s discovery in the literature 
of evolution is mainly due to the work of those recent 

‘ F. Darwin and Seward state that Charles Darwin only possessed the 
third and fourth editions (l.c. p. 44) ; they also agree that ‘in the historical 
sketch prefixed to the Origin of Sptaes writers are named as precursors 
whose claims are less strong than Prichard's' (1 c. p. 45). 
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authors by whom the whole subject has been brought 
into the light of day, and the attention of every intel* 
lectual man and woman has been compelled* 

The limits of space oblige me immediately to proceed, 
after this too brief introduction, with a detailed statement 
of Prichard’s arguments and conclusions, which will be 
found to justify, in the fullest manner, all that I have 
said in his praise. 

It has already l>een said that the arguments referred 
to are found in the Researches into the Physical History 
of Mankind} They are included in the seven sections 
of the first chapter of Book ix (p. 525), which is entitled 
a General Survey of the Causes xohich have Produced 
Varieties in the Human Specie^, luith Remarks on the 
Oriydn of Nations and on the Diversity of Lan^ua^es. 
The first chapter treats Of the Causes lohiih have given 
rise to larieties in the Hutnan Species. In the first 
Section of the first chapter the author admits that it is 
fruitless to seek for a complete explanation of the causes 
which have prcKluced the varieties which are witnessed 
in the human species. ‘ The origin of the varieties in 
the breed is cnvelo{>ed in the same obscurity which 
still hangs over every (piestion relating to the theory 
of propagation.’ 

The opinion that the different shades of colour met 
with in various races are caused by climatic changes and 
by vary ing intensity in the rays of the sun, is then con- 
sidered, and a great many ancient and modern exponents 
of this view are quoted. After reproducing a long 
passage from Buflbn, the hy^theses of the Rev. Dr. S. S 
Smith of New Jersey are described. These deal not 
only with the ‘gradation in the complexion, nearly in 
proportion to the latitude. . . but also with the influence 
which heat exerts upon the secretion of bile. In con 
sequence of heat ‘ the bile . . i.s au^e^ted. . . . This 

liquor tinges the complexion. . , * Bile, exposed to the 
sun and air, is known to change its colour to black — 
black is, therefore, the tropical hue.' This latter and 
the very similar views of Blumenbach arc, however, 

' Vol. ii, London, edition, 1826* 
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dismissed by Prichard as ‘without foundation’; while 
as to the suggestion of Dr. Smith, together with that 
of Bufifon and the older writers upon the effect of 
latitude, he observes that the principal observations on 
which it is based are correct. ‘It is certain that the 
majority of black races of men are inhabitants of the 
intertropical regions, and that most of the light-coloured 
nations, ... are to be found in cold or temperate climates.’ 
But although he admits the fact, he maintains that it 
is capable of 'a different interpretation from that which 
modem writers have in general adopted '. He similarly 
admits that the skin of a European is darkened by 
the sun, and continues . ‘ It seems, at first, not very 
improbable, that individuals, darkened by exposure to 
heat in southern climates, may have an offspring of 
deeper colour in consequence, and if this effect increases 
in every generation, it may be thought sufficient, in a 
long course of ages, to produce a black colour of the 
deepest tint.' But this view does not by any means 
commend itself to him; for he continues, ‘that this 
notion, however, is altogether incorrect I venture to 
conclude from the following considerations. 

‘ I. The progeny of individuals, embrowned by ex- 
posure to the sun, is born with the original complexion, 
and not with the acquired hue of the parents.’ Further- 
more, he points out that white and black races moved 
respectively to tropical and temperate climates have 
retained their original colour for ages. The second 
consideration which leads him to reject the above- 
mentioned conclusion is very significant, and I give it 
in his own words (p, 532) : — 

‘ 2. The supposition is contrary to a general law 
of the animal economy, according to which, acquired 
varieties are not transmitted from parents to their 
offspring, but terminate in the generation in which 
they have taken their rise/ 

The succeeding two Sections are allotted to the con^ 
siderations contained in paragraphs i and 2. 

Section ii (p. 532) is headed, Imtances showing the 
Permanency of Complexion in different Races, The 

N 


i>oi;lton 
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cases in which races have completely changed in colcjur 
after removal to a different climate he explains by 
a mixture of breed ; and points out that ' it is easv to 
find examples of an opposite tendency, and to s1k)w 
that the original hue has been preserved. . . Thus 
he brings forward the instances of the descendants of 
English colonists in the West Indies and Spanish in 
South America who ‘remain as fair as their European 
ancestors when there has been no intermarriage with 
other races. ‘ That this assertion is correct, I am con- 
vinced/ he says, 'by the result of rej>eated inquiries.’ 
In the East the same results are found, although the 
migration of white races into hot climates took place 
at far earlier dates. Thus amongst other examples lie 
mentions that of the ‘white or Jerusalem jews’ who 
are believed to have migrated to the Malabar coast m 
the year 490 a d , and whose living descendants arc 
‘said to resemble the Euro|Kan jews in features and 
in complexion 

The converse ‘exjx'nment of transplanting black races 
into northern climates’ has not been carried on for so 
long a period, but Dr. Prichard [>oinis out that 'several 
generations have produced little or no alteration in 
complexion of Negroes in the United States and in 
other temperate climates’. It is indeed stated that 
'the domestic Negroes who are protected from the heat 
of the sun by more clothing, and who pass their time m 
sheltered houses, are of a darker complexion than the 
slaves w'ho labour half naked in the fields 

Section iii. This most significant and remarkable part 
of the work is headed (p. 536), Laws of the Anitnal 
Ecomnty in regard to the Heridilary Transmission oj 
peculiarities of Structure’, the brief title at the head of 
the pages runs, Laws of Nature in Hereditary Tran^' 
mission. This discussion, which forestalls by more than 
half a century the considerations and conclusions of 
recent writers and es})ecially of Professor Weismann. 
is opened by the statement that physiological writers 
have often inquired 'what peculiarities of structure arc 
liable to be transmitted by parents to their offspring, 
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and what terminate with the individual without affecting 
the race. Perhaps the following remark,' the author 
goes on to say, ‘may afford the solution of this inquiry.' 

I must now quote without any omission the suc- 
ceeding two paragraphs in which the two classes of 
characters — inherent and acquired — are defined, as fully 
and clearly as they have ever been, and where the opinion 
is strongly expressed that the former are transmissible, 
the latter non-transmissible by heredity : — 

‘ It appears to be a general fact, that all connate 
varieties of structure, or peculiarities which are con- 
genital, or which form a part of the natural constitution 
impressed on an individual from his birth, or rather from 
the commencement of his organization, whether they 
happen to descend to him from a long inheritance, or 
to spring up for the first time in his own person — for 
this is perhaps altogether indifferent — are apt to re-appear 
in his offspring. It may be said in other words, that 
the organization of the offspring is always modelled 
according to the type of the original structure of the 
parent. 

‘ On the other hand, changes produced by external 
causes in the appearance or constitution of the individual 
are temporary, and, in general, acquired characters are 
transient ; they terminate with the individual, and have 
no influence on the progeny/ 

At this point the author adds a most interesting foot- 
note, in which he tells us (p. 537) that ‘this distinction, 
which has not been pointed out by any former writer on 
physiological subjects, was first suggested to me in con- 
versation many years ago by Mr. Benjamin Grainger, 
of Derby’, It would be of high interest to ascertain 
something more about Mr. Grainger and to find out 
whether he ever published on his own account. It is 
however ^obable, from the other pregnant ideas con- 
tained in Dr. Prichard’s work, that the clear expression, 
apt illustration, and admirable discussion of these prin- 
ciples are entirely original. 

He then proceeds to illustrate the first proposition 
‘that all original or connate peculiarities of body are 
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hereditary*; first instancing the well-known 'porcupbc 
family, in which a remarkaDlc peculiarity of the [human] 
skin was transmitted through three successive genera- 
tions/ and the facts which prove the hereditary nature 
of complexion, as shown in Section ii. Supernumerary 
and abnormally thickened digits are then brought forward 
and proved by many examples to be markedly hereditary ; 
as also ‘a singular thickness of the upper lip, in the 
Imperial house of Austria’, introduced it is believed 
‘ many centuries ago, . . by an intermarriage with the 

ancient house of Jagellon 

The last examples of such connate characters are 
especially significant. ‘The same observation equally 
applies to those minute varieties of organization, which 
give rise to peculiarities of habit or temperament, and 
predispose to a variety of morbid affections, as deafness, 
scrofulous complaints, and the whole catalogue of dis- 
orders in the nervous system. Even those singular 
peculiarities termed idiosyncrasies are often hereditar)', 
as in the instance of a remarkable susceptibility of the 
action of particular medicines, such as mercury.' 

With regard to the second proposition ' that acquired 
peculiarities, or characters impressed by adventitious 
circumstances, and not arising in the spontaneous deve- 
lopement of the bodily structure, are never transmitted . . 
he remarks, as it has often been insisted upon since, 
that the conclusion ’ is more difficult to establish than 
the foregoing . . ., since the proofs must needs be of 
a negative kind. But,’ he continues, ‘there is no want 
of evidence of this description.’ And he again insists, 
as if he could not put it too clearly and emphatically : 

' It seems to be the law of the animal economy, that 
the organization of the offspring, which as we have seen 
follows the type given by the natural and original struc- 
ture of the parent, is un^cctcd by any change the latter 
may have undergone, and uninfluenced by any new state 
it may have acquired/ 

He then discusses the examples which arc supposed 
to support the opposite conclusion, first mentioning the 
statement 'that dogs and cats, the tails of which had 
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been cut off, sometimes produce young ones which have 
a natural defect of the same part. It is taken for granted 
that these appearances are connected together in the 
relation of cause and effect, and therefore afford a proof 
that acquired peculiarities are hereditary.' The author 
argues that cases of this kind are accidental, and he 
points out that such defect of parts is apt to occur in 
every species ; — in man as well as in animals. He 
points to the vast experiment due to ‘our caprice’ in 
mutilating the ears and tails of domestic animals, and 
to the effects of surgical operations upon man. What 
remarkable results would be witnessed if such changes 
were hereditary * 

Professor Weismann was first led to the same con- 
clusion as Dr. Prichard by constructing a theory of 
heredity which seemed to him to explain the facts and 
observations better than any which had been previously 
proposed. But the theory did not include any mechanism 
by which the transmission of acquired characters could 
take place. Professor Weismann, believing that his 
theory was in the main right, began to inquire for the 
evidence on which the belief in such transmission is 
based, and as soon as he commenced his inquiries the 
evidence broke down in every direction. 

With Prichard it was otherwise, for the existing 
theories seem to have been against him. Thus he 
argues that his opponents ‘seem to have derived their 
opinion rather from some conjectural theory of genera- 
tion, than from any facts which have appeared well 
established ’ ; and he goes on to contend that we know 
so little ‘ that we are not authorized to reason from any 
hypothesis on this subject 

He next deals with the statement ‘that after any mutila- 
tion or other artificial change has been repeated through 
many generations, a sort of habit may be acquired, by 
which the new state becomes as it were natural, and may 
thus modify the race To this he replies that the evidence 
of such habit could only be obtained by diminishing the 
mutilation in prc^essive generations and comparing the 
result ; whereas in all such cases the violence committed 
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tod the resulting injuries are continued unabated. ‘If, 
however, an experiment be wanting to prove that repeti- 
tion effects no difference in the results,^ he points to the 
practice of circumcision which has gone on for some 
thousands of years without producing any hereditary 
chan^. 

Prichard argues that such non-transmission is beneficial, 
in fact he contends ‘ that all the laws of nature, or the 
general plans which we trace through the organ! eed 
world, tend uniformly to produce l)eneficial effects, though 
particular evils are sometimes continc^ent u|X)n their 
operation'. With regard to this instance he |x>ints out 
that, if such transmission took place, both man and 
animals would practically l>ecome more and more ‘muti- 
lated and defective 

The author next proceeds to consider the effects of 
disease, introducing the subject in the following paragraph 
‘We cannot discern any essential circumstance, in which 
changes pnxluced by art, or by casual injur)*, differ from 
those which are effecletl by other external causes. W'e 
should therefore sup[K)se from analogy that the latter are 
not more communicable to [K)sterity than the former, and 
this presumption is confirmed when we iiujuire into facts 
He points out that the constitutional effects of main 
diseases {‘small-pix, measles, scarlatina, hooping-cough ’), 
rendering those who have suffered from them more m 
le^ immune, are never hereditary. Without attempting to 
explain in what the change con’sists, he rightly claims it 
as a ' permanent state of the constitution, which lasts as 
long as the individual. , . . Those imjierceptible nifKlifi- 
cations in the bodilj structure which render the constitution 
incapable of being acted Ujion by certain morbid [xusons 
are governed by the same law, as far as regards heredi 
tary descent, as the observable changes of form which 
are induced by art or accident ' 

At this point the writer intercalates another clear 
statement of the essential distinction between inherent 
hereditary and acquired non-hereditary characters. The 
statement is so admirable that I quote it in full, 

'We may remark in general that each individual being, 
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through the animal and vegetable worlds, has certain 
of organization impressed upon its original germ ; acc^iftl- 
ing to which the future developement of its structure is 
destined to take place. These inbred or spontaneous 
tendencies, governing the future evolution of the bodily 
fabric, cause it to assume certain qualities of form and 
texture at different periods of growth. From these pre- 
dispositions are derived the characteristic differences, and 
the peculiarities of individual beings. Now it appears 
that such spontaneous tendencies are alone hereditary, 
and that whatever changes of organization are superin- 
duced by external circumstances, and are foreign to the 
character of structure impressed upon the original stamina, 
cease with the individual, and have no influence on the 
race. 

‘Yet this law of hereditary conformation exists with 
a certain latitude or sphere of variety, but whatever 
varieties are produced in the race, have their beginning 
in the original structure of some particular ovum or germ, 
and not in any qualities superinduced by external causes 
in the progress of its developement.' 

These sentences might well have been written to-day, 
to sum up the results of all our observations on such 
subjects. They have been summed up at greater length 
and in more technical language, but I venture to think 
that Dr. Prichard’s statement contains everything that 
is valuable and essential in every later attempt. It will 
be observed that Weismann’s conception of inherent 
characters as blastogenic, acquired as somatogenic, stands 
out clear and distinct ; furthermore, that the source of 
individual difference is traced to the germ. 

After these general statements he returns to the ques- 
tion of disease, and discusses predisposition. He points 
out that medical writers have generally believed that any 
predisposition to disease may arise in any constitution if 
subjected to the appropriate causes; ‘ that ... the gouty 
diathesis, for example, may be acquired by long habits of 
intemperance, and transmitted to posterity,’ and so also 
with other ill effects witnessed in the children of dissolute 
parents. If this be so, Prichard admits that ‘we have 
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a clear proof of the hereditary nature of acquired states 
of the constitution \ 

Against such a view he contends that any particular 
disease can only follow when there exists ‘a preparation, 
laid in the first place hy nature, in the original stamina 
and habit of the Ixxly' ; and he points out that the same 
hurtful cause may produce quite distinct diseases. Thus 
‘ intemperate living . . ^ is commonly said to bring on, in 
one person, a predisposition to gout, in another to diseases 
of the liver, or of the stomach, or of the brain. Now, 
since the difference is not in the external causes, it must 
be in the natural peculiarities of the constitutions on 
which they act. These, therefore, are previously fitted by 
original organization to take on them one form of morbid 
affection rather than another. It is then clear that the 
predisposition is laid by natural or congenital structure, 
in the first instance'. Individuals differ in particular 
organs, the exciting causes of disease bring out the 
weaknesses which previously existed and might other- 
wise have remained unknown. Such defects ' being a jxart 
of the original bodily structure ' are hereditary. ' The 
first individual who cx()Oses himself to the morbid causes, 
first betrays the jx^culiar defect of the race, and is thus 
erroneously supposed to lay the foundation for it.' 

Syphilis, which ap|>ears to l>e an exception, he explains 
by *a peculiar mode of infection. . . . This is evidently 
a phaenomcnon of a verj' different kind from the simi- 
larity of structure which the laws of nature have ordained 
betw^een prents and their ofiThpring'. 

Hence he infers ' that the |>hamomena of predisposition 
to diseases rather confirms than invalidates the general 
observations before laid down, and we may be allowed to 
conclude, that no acquired varieties of constitution become 
hereditary, or in any manner affect the race '. 

The preservation of complexion aftdr a race has 
migrated to a very different climate conforms to the 
general law. Although the parents may alter greatly. 

* the adventitious colour has no influence on the offspring 
Hence in looking for the causes of varieties of mankind 
we must not 'direct our attention to the class of external 
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powers which produce changes on individuals in their own 
persons, but to those more important causes, which, acting 
on the parents, so influence them that they produce an 
offspring endowed with certain peculiar characters, which 
characters, according to the law of nature, become heredi- 
tary, and thus modify the race'. 

The sentence I have last quoted concludes the Section 
and very naturally introduces Section iv, entitled, Theory 
of the Origin of Varieties (p. 548). 

This Section opens with a sentence which might well 
have been written by Darwin • ‘ Varieties of form or 
colour, as they spring up in any race, are commonly called 
accidental, a term only expressive of our ignorance as to 
the causes which give rise to them.’ On the other hand — 

^ how, by what mfluence, and m what mamur' they are 
produced, ‘we shall perhaps never be able to ascertain.' 

Examples of new varieties which have sprung up within 
the experience of man are then given* the ‘porcupine' 
and six-fingered man, albinos, and variations in colour. 
He next describes the sudden origin of the anco» or otter 
breed of sheep, quoting from Colonel Humphries in the 
Philosophical Transactions for 1813 (part 1). 

Prichard favours the view that when the offspring does 
not exhibit a new variety but follows the main lines of its 
race or breed it is apt to be influenced by the father rather 
than the mother ; and he quotes a number of statements 
and opinions believed to favour this view ; and finally 
alludes to the celebrated cross between the mare and the 
male quagga, in which it was confidently believed that so 
great an effect was produced on the former that her later 
offspring, although begotten by a stallion, were influenced 
in the direction of the quagga (telegony). 

The mother, on the other hand, was believed to be in 
the main responsible for the new varieties which arise 
from time to time. This opinion Prichard considered to 
be probably well grounded , and the conclusion that size 
and stature chiefly depend on the mother he also thought 
to be well established. Hence we see that his judgement 
and penetration were not always proof against popular 
convictions insufficiently sustained by evidence. These 
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strange views about the relative importance of the two 
parents seem to have disappeared, and only traces of 
them are to be found in the popular beliefs of the day. 

The author dismisses the extreme cases of the supposed 
effect of the mother’s imagination upon the unborn child 
as manifestly absurd ; but looks with some favour upon 
the opinion, also held by Erasmus Darwin, whom he 
quotes, that the future offspring may be affected by the 
imagination of the parent at the moment of conception 
In proof of the ancient origin of this belief he alludes to 
Jacobs experiments upon the flocks of I^ban. 

When, however, Prichard comes to reconsider all his 
suggested causes of variation he is dissatisfied with them 
and admits that ‘ the circumstances . . . are of a more per- 
manent nature and that it is often ‘ impossible to discover 
any peculiar circumstance in the condition of the mother 
This leads him to consider the similar instances amoni,' 
domestic animals and among plants, and at this [x>iiu he 
anticipates in a tru!\ remarkable manner Darwa'n’s general 
conclusions as to the origin of our domestic breeds 
‘ It is generall) supjwsed,' he says on page 557, 'that 
cultivation is the most productne cause of varieties in 
the kind, both in the animal and vegetable kingdom 
But it may be qiieslioneil, does cultivation actually 1^1 v(‘ 
rise to entirely new varieties, or does it only foster and 
propagate those which have sprung up naturally, or a 
it is termed accidental!) ? 

' In this latter way the influence of art is very im[X)rtant 
in constituting breeds, as of cattle, dogs, horses. I lie 
artificial process consists in a careful selection of those 
individual animals which hap[x:n to be |>ossesscd, m 
a greater degree than the generality, of any iiarticular 
characters which it is desirable to perpetuate. These are 
kept for the propagation of the stock, and a repeateil 
attention is paid to the same circumstanceS, till, the effect 
continually increasing, a jjarticular figure, colour, proper 
tion of limbs, or any other attainable quality, is established 
in the race, and the uniformity of the breed is afterwards 
maintained by removing from it any new variety which 
may casually spring up m it/ 
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The main result of Darwin's indefatigable labours 
on the formation of domestic races could not be more 
accurately summarized than in these words published 
in 1826. 

Prichard expresses himself as uncertain whether 
domestic animals are more prone to vary than others, 
but considers that the artificial conditions may in all 
probability ‘occasion deviations in their progeny'. 

The influence of climate seemed to him the most impor- 
tant of all causes of race-formation — so important in fact 
that he discusses its examples under a separate Section, 
while the adaptation of races, animal and human, to their 
climates form the subjects of the concluding Sections vi 
and vii. 

The examples of the effect of climate are brought 
forward in Section v (p. 558), entitled, Instances of 
variety in the Breed, arising from the operation 
of external, chiefly of local causes. The first instance 
is that of the swine of Cuba, which are said to be twice 
the size of the parent breed. He then instances the 
peculiar and uniform colour of the cattle and horses 
‘ descended from the variegated domestic breeds ' which 
have become wild in South America, and the common 
bear, which differs in colour in various European localities. 

When the races of several distinct species resemble 
each other in a single locality it is fairly maintained that 
some special local influence may be strongly inferred. 
Thus it IS stated that the Angora breeds of rabbits, goats, 
and cats are remarkable for their long, fine, silky hair, and 
white colour ‘ These characters . . . indicate a common 
cause, which must be some peculiarity in the circumstances 
under which these animals exist in the climate and 
situation occupied by them.' 

Then follow many other examples — the blackness which 
characterizes both men and animals in Malabar and 
Guinea, the whiteness of Polar animals, the height of 
Patagonian man, the differences which separate the 
English race in America and the West Indian Islands 
from that in the parent country, and the negroes of 
America from those of Africa. 
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The Section concludes in a significant paragraph in 
which the author suggests that perhaps some of these 
local varieties may be specially adapted to ‘ the circum- 
stances of the countries in which the deviation has taken 
rise \ and he finally concludes by introducing the succeed- 
ing Section in these words: ‘ It may indeed be inquired, 
whether the deviations in general, which appear to follow 
a change of climate, are not founded on a law of the 
animal economy, which gives rise to an alteration in the 
breed calculated to fit the race for its new abode' (page 
566). 

The sixth Section (p. 567) is headed Adaptation of 
certain Breeds to particular local circumstances^ In 
this Section we are provided with numerous instances 
of the adaptation of races to their environments. Bliimen- 
bach's opinion in favour of the multiple ‘origin of the dog 
is quoted at some length. Considering the undoubted 
adaptation of many breeds for certain ends, this naturalist 
concludes ’ ‘ I can scarcely persuade myself to look u|xui 
this as a mere accidental consequence of degeneration, 
and not rather as an intentional contrivance of the 
wise Creator.’ I'o this Prichard replies that such a 
remark ‘suggests the inquiry whether the degeneration 
or variation of animals is in fact a mere accidental plu 
nomenon . . . W^e should note that degeneration is 
here used in the sense of departure from ancestral ty^x , 
and not implying, as it does in our time, any degradation 
or simplification of structure. 

Then follows a paragraph most significant of modern 
views of organic evolution and the kind of evidence 011 
which the modern naturalist relies. The remarkabh^ 
‘double relation’ which individual species bear on the 
one hand to their special localities, and on the other to 
the group to which they belong, is first [jointed out, and 
maintained to be characteristic of the Testable kingdom 
as well as the animal. Thus the species of a family or 
genus are often distributed round a centre ‘ which seems 
to be the principal focus or favourite seat of the tribe , 
from which the branches diverge in various directions. 
The particular species, when compared, can be referred 
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to ‘one type of organization*. The slighter differences 
between them ‘ seem to lose themselves in the sameness 
of form belonging to the genus, and even suggest a sus- 
picion that they all proceeded from one original. The 
phaenomena of resemblance must have had their sufficient 
reason as well as those of diversity \ He then inquires 
whether the explanation is to be found in the action 
of ‘some slight modification in the productive causes' 
which stamped the genus at its first appearance ‘with 
all these specific diversities’; or whether, on the other 
hand, a uniform genus was first created which ‘after- 
wards became diversified by the influence of external 
agents’. He concludes that the former of these alterna- 
tives is more strongly indicated by the knowledge of 
his time. 

‘ Whichever of these suppositions may be true in point 
of fact, the separation of families and genera into parti- 
cular species, and the distribution of these species to 
particular habitations, according to their physical proper- 
ties, is evidently a part of the provision of nature for 
replenishing the earth with organized inhabitants, placed 
everywhere according to the congruity of soils and tem- 
peratures, with their structure and habitudes. 

‘ But why IS it to be supposed that the influence of this 
law of adaptation has stopped here ? Is it not probable 
that the varieties which spring up within the limits of 
particular species, are further adaptations of structure to 
the circumstances under which the tribe is destined 
to exist [.^] Varieties branch out from the common form 
of a species, just as the forms of species deviate from the 
common type of a genus. Why should the one class 
of phaenomena be without end or utility, a mere effect 
of contingency or chance, more than the other ? 

‘ There are indeed many instances in which we can 
perceive an advantage in the varieties of form, and an 
adaptation of particular breeds to external circumstances.’ 

He then gives numerous examples — the small, active cattle 
and horses which are found in mountainous countries, 
the larger forms which flourish on fertile plains; the 
various breeds of the hog which are believed to hold 
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'a particular relation to the localities in which they are 
placed’; the change of a thick fleece into a thin coat 
when certain breeds of sheep are transported to the 
tropics. *0n considering these and analogous phacno- 
mena, we can scarcely avoid concluding that the variation 
of animals proceeds according to certain laws, by which 
the structure is adapted to the necessity of local circum- 
stances.' 

This statement looks at first sight very much like 
Natural Selection. It is clear, however, that the writer 
held a view similar to that which has been termed ‘ self- 
adaptation ’ by some modem writers, viz., that external 
influences act on the organism in such a manner as to 
evoke directly a favourable res[x)nse. 

Examples of similar adaptation are then found among 
the races of man. The skin of black races is considerecl 
to be a protection against the effect of heat , the native 
African races can multipl) in localities where a white 
population cannot maintain its numl)ers, while negro('s 
arc unable to establish themselves in northern latitudes 
From these and many other instances, it appears that ‘ in 
mankind, as in some other races, j)articular varieties ar( 
adapted by constitution and physical |>eculiarilies to 
f^artioilar local situations 

The Section finally concludes with the following pane 
graph : ’ These remarks, if they are well founded, ser\f 
to illustrate the doctrine of variation, nr deviation, in 
the races of animals in general, and they seem to Ic.ni 
us to the conclusion, that this is not merely an accidental 

f )ha*nomcnon, but a part of the provision of nature fi)r 
umishing to each region an appropriate stock of inhal i 
tants, or for modifying the structure and constitution ol 
species, in such a way as to produce races fitted for cm h 
mode and condition of existence. A great part of ilu ’ 
plan of local adaptation appears to have been acconi 
plished by the onginal modification of a genus into a 
variety of species. It has been further continued, and 
the same end promoted, by the ramification of a species 
into several varieties.' 

The seventh and last Section (p. 575) of this part of 
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the work treats Of the Relation of particular Varieties 
of the Human Species to Climates. 

Prichard evidently thought that adaptation of races to 
climate is especially characteristic of the human species, 
and must be admitted to hold in certain instances, what- 
ever be thought of his hypothesis that ‘the varieties in 
the species of animals proceed from a principle in nature, 
modifying the structure and constitution of races, and 
adapting them to the physical circumstances under which 
these races may be destined to exist . . . He con- 
siders that the distribution of the races of men bears 
‘ a certain relation to climates and gives a broad sketch 
of the geographical arrangement of races in support of 
this opinion. At the conclusion, after inquiring how it 
IS that ‘ these varieties are developed and preserved in 
connexion with particular climates and differences of local 
situation he gives the following very significant answer: 

‘ One cause which tends to maintain this relation is 
obvious. Individuals and families, and even whole 
colonies, perish and disappear in climates for which they 
are, by peculiarity of constitution, not adapted. Of this 
fact proofs have been already mentioned.' We have here 
the undoubted recognition of Natural Selection, and it is 
remarkable that a man of such penetration who recognized 
fully that domestic breeds are due to mans selection, 
should not have seen in this principle a larger importance 
and have extended it to the relations of species to each 
other as well as to their physical environment. Great as 
Prichard was, he did not appreciate the most pressing 
part of the ‘ struggle for existence '. 

Prichard furthermore considers it probable that there 
are local influences which ‘ promote the appearance of 
those varieties which are best suited to them, or tend to 
give rise to their production in the breed '. He freely 
admits that this conclusion conflicts with his contention in 
Section ii, that the colour of a race is not permanently 
affected by a change of climate, and, he might have added, 
conflicts equally strongly with his argument in Section iii, 
that acquired characters are not transmitted. However, 
he is so fascinated by the view of a local influence directly 
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producing adaptation that he throws over much that he 
nad previously ai^g^ued for in a most convincing manner. 
Thus he suggests that races of men when removed into 
another climate may not change because they are defended 
^ from the local influences by living in houses, adhering to 
their old foods, &c., also that the facts about the black 
and white Jews of Cochin, from which he argued in 
Section ii that climate produces no permanent effect on 
the race, may be insufficiently known. 

It is strange that one who reasoned so acutely in Section 
iii did not seem to see that the following view, if proved 
to be true, would undermine the whole of the argument • 

‘ It may however be true, that particular varieties, once 
established in the stock, and transmitted for many genera- 
tions, though originally resulting in a certain degree from 
the influence of local causes, will nevertheless continue 
permanent, even long after the race has been removed 
from the climate in which they originated/ 

In spite of this logical flaw, which is in itself of much 
interest, inasmuch as it probably explains the suppression 
of Prichard's original views in later works, sufficient has 
been said to prove that the author was one of the mo^r 
remarkable and clear-sighted of the predecessors of 
Darwin and Wallace. 
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THOMAS HENRY HUXLEY AND THE 
THEORY OF NATURAL SELECTION 


The Huxley Lecture for 1905, delivered before the University of 
Birmingham, March 23 

Hitherto unpublished. 

The relation of a great man to a great theory which 
arose in his time is always a deeply interesting subject 
of contemplation. A great theory, like Gravitation or 
Natural Selection, is an all-powerful weapon of inquiry—- 
strong enough to effect a reclassification of workers — 
inexorable sometimes in making the first last and the last 
first, according to the prejudice or the sympathy with 
which the new instrument is received. A theory of the 
highest rank compels attention and can be no more 
passed by with indifference than the discovery of iron 
or of gunpowder. 

The attitude of Huxley towards Natural Selection was, 

I shall endeavour to show, remarkable and unusual. 
Although no one strove so nobly and against such odds 
in its defence from unfair attack, although no one ever 
fought the battle of science with more complete success, 
Huxley was at no time a convinced believer in the theory 
he protected. 

The origin and growth of the theory and the circum- 
stances under which it was made public have often been 
told, but no lecture of this kind would be complete with- 
out a brief recapitulation of the main points. 

Darwin, convinced of evolution by reflection upon his 
observations in South America, during the voyage of the 
Beagle (1831-6) began in July, 1837, systematically to 
collect facts bearing upon the modification of species 
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and its causes. In October of the following year, when a 
few months under thirty, he read Malthus On Populaiion, 
and the idea of Natural Selection at once dawned on his 
mind. In June, 1842, he wrote a brief account of the 
theory in thirty-five pages, expanded two years later into 
an essay of 231 pages, folio; but he could not bring him- 
self to publish until, on June 18, 1858, almost exactly 
twenty years after the conception first came to him, he 
received a manuscript essay written by Alfred Russel 
Wallace at Ternate, in the Moluccas, On (he Tendency of 
Varieties to depart indefinitely from the Original Type, I n 
the accompanying letter Wallace asked him if he thought 
well of the essay to send it to Sir Charles Lyell. In the 
paper which had reached him from the other side of the 
world Darwin was astounded to find a clear, concise 
statement of his own theory of Natural Selection Ib^ 
sent it on to Lyell that very day and shortly aflerwanis 
asked him to forward it to Sir Joseph Hooker, Thus 
appealed to, L)ell and Hooker requested Darwin to giv( 
them an abstract of his own work, and presented this, 
together with Wallace's paper, as a joint communication 
to the Linnean Society. They explained the circinn 
sunces of the case m an introductor)' note to the Darwin- 
Wallacc memoir, which was read at the meeting held on 
July I, 1858.* 

That, of two naturalists on opposite sides of the glolx*, 
one should seek the other for advice upon the theory at 
which they had independently arrived, is a sufficient!) 
remarkable fact in the history of discovery ; but now that 
we know the circumstances under which Wallace wrote 
his essay, the coincidence is far more striking. He also 
was convinced of Evolution before he thought of a motive 
cause, and had in 1855 defended it in a powerful [Xipei 
written in Borneo, On the Law which has regulated iht 
Iniroduciion of New Species, In Febrilary, 1858, I>in<^ 
ill of intermittent fever in Tcmate, he, too, began to think 
of Malthus On Population, which he had read some 

’ In addition to ibc tpedilly prepared abitract, Darwin’g section of 
the Mot memoir iochides a cxnrf of t letter be bad written Sept. 5, 1857* 
expiUning hit theory to An Gray, the great AmeHcan botanitt. 
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* years before, and the idea of Natural Selection instantly 
flashed across his mind. But he did not wait for twenty 
years of thought for repeated observation and experi- 
mental test. In two hours of ague he had thought out 
almost the whole of the theory, in three evenings he 
had completed his account, and it was posted to Darwin 
by the next mail. 

Thus on July ist, 1858, when Darwin was nearly fifty, 
and Huxley just over thirty-three, the great theory was 
before the world ; and the striking thing about the relation 
of the younger man to this crisis in the history of science, 
is that he knew really nothing about it. Darwin and 
Huxley had corresponded for some years prior to 1858 ; 
but even had this not been so, Darwin was a great 
central power in biological science, and his writings would 
naturally be received with the widest interest Huxley 
did not become a Fellow of the Linnean Society until 
December, 1858, but the publications of scientific societies 
are readily accessible to all. Huxley certainly knew that 
Wallace had in some way acted as a stimulus to Darwin , 
for he wrote to Hooker on September 5, 1858, ‘ Wallace’s 
impetus seems to have set Darwin going in earnest, 
and I am rejoiced to hear we shall learn his views in 
full, at last. I look forward to a great revolution being 
effected.’^ But Huxley clearly knew nothing of the 
contents of the joint memoir, for on June 25, 1859, 
almost exactly a }ear after it had appeared, he wrote to 
LyelF in favour of transmutation of species but against 
the idea of transition between species. The letter contains 
no reference to Natural Selection, but only to the direct 
action of external conditions and to laws analogous to 
those of chemical change, where one substance passes 
into another without intermediate stages, e. g by the 
substitution of one element for another. ‘ I have a sort 
of notion that similar laws of definite combination rule 
over the modifications of organic bodies, and that in 
passing from species to species “ Natura fecit saltum’V 
And yet, in October, 1859,® Canon H. B. Tristram, writing 

* Lt/i and Letters of Thomas Henry Huxley, London, 1 900, vol. i, p. 159. 

^ Ib\d, p. 173. * In The Ibis, vol. i. 
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ujwn the larks of the Sahara, made use of the Dan^'in- 
Wallace theorj' in the interpretation of the colours of 
cfesert animals. 

The Origin of Sptciis was published, and the whole 
of the 1,250 copies sold, on November 24, 1859. An 
advance copy had been sent by Darwin to the 
friend whose opinion he was so extremely anxious to 
learn. ‘ 1 shall be intensely curious to hear what effect 
the book produces on you,' he wrote on October 15.’ 
Huxley replied on November 2 1 that he had finished the 
Origin on the previous day. He wrote of ‘the great 
store of new' v'lews >ou have given me ’ , and in his 
chapter On the Reception of the Origin of Species, he 
says, ‘ my reflection, when 1 first made myself master of 
the central idea of the “ Origin" w-as. “ How extreme I\ 
stupid not to have thought of that — further evidence 
that he knew nothing of the subject of the Linncan Sociei\ 
memoir, where this central idea is admirably, although ot 
course briefly, set forth and illustrated b) its two greai 
discoverers. 

Huxley's ignorance of Natural Selection between jiil\ 

I, 1858, and the end of November, 1859. suggests ceriaii. 
interesting conclusions. Great and original workers nircl) 
have the time for wide reading in their subject a\\.\) 
from the lines of their special investigations. Hut wain 
of time is not the only cause. 7 hey are, perhaps 
unconsciously, led by an instinct which warns them that 
the attempt to lx? encyclopaedic, though within the limits 
of but a single .science, is itself destructive of orlgmalit} 
And yet there is nothing so inspiring to a young work< ! 
as the fact that his attempts have interested a great leadci 
in his own subject. To a Darwin at the age of fifty, it 
may be a .small thing that his younger friend is too 
engrossed to read his paper, and yet many years before 
we know that even Darwin keenly felt t^e neglect, as u 
appeared to be, of his early geological work. Thus lu 
wrote in 1844 or 1845: ‘I have I<mg discovered that 
geologists never read each c^er's works, and that the 

^ JM emUjtHtft <f Ckoflu Darwin, l^doni voi. ii, pp- 1 7 ^ ^ 

• Ibid. |x *31. ■ Aid p. 197- 
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only object in writing a book is a proof of earnestness, 
and that yon do not form your opinions without under- 
going labour of some kind/ ^ 

The first research which has tempted a young man 
over the Rubicon of his life is and ought to be every- 
thing to him. It is a crisis in his life when, in spite of 
all the inspiration of the work itself, he needs every 
encouragement, and yet is apt to find disappointment 
and neglect as an incidental result of the devotion of 
other workers to other work. The position looks like a 
dilemma, but fortunately for scientific students the escape 
is easy. The conditions of science are daily becoming 
more favourable at our Universities. Here the older 
worker has a parental interest in the younger, and will 
by no means quench the smoking flax by unintended 
neglect. Science is also rich in numerous societies where 
old and young can meet, and where through personal 
contact, far better than by endless hours of reading, 
the deepest inspiration and the highest encouragement 
can be given and received. 

If however the antagonism between the excessive 
cultivation of the memory and the development of 
originality is seen in the lives of older men whose capacity 
for the highest work is proved and certain, surely con- 
clusions of value may be learned by those whose duty it 
is to watch over and direct the developing mind of the 
young. A little knowledge, we are told, is a dangerous 
thing, but as regards the awakening and the growth of 
the most indispensable part of our intellectual equipment 
— the imagination — it may be more truly said that 
excessive knowledge is a dangerous thing Owing to the 
deadly grip of the examination system upon our country, 
we develop the memory far too exclusively, and a poor 
sort of memory at that, valuable for the purposes of the 
barrister but of little use for any other career. The 
imagination is not only neglected but actually stunted 
and atrophied by forcing into disproportionate growth an 
antagonistic intellectual faculty of a rather low order. 
Not unintentionally, Kingsley chose the turnip, beet, and 
^ Lift and Lttiers of Charles Darwin, vol. i, pp. 334-5- 
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radish as symbols of the unfortunate victims of the 
‘Examiner of all Examiners’. With the very best 
intentions, but with the very worst effects, the idea has 
taken root in this country that the imagination must not 
be allowed free play until some arbitrary amount of 
knowledge has been absorbed, with the result that too 
often all original faculty is water-logged and drowned in 
a sea of facts. We lose sight of the educational value 
of research, and the fact that the imagination needs exer- 
cise and grows by performance. \Ve frequently hear of 
the danger of encouraging crude work. The real danger 
is the other way • it is only too easy to discourage and 
dishearten, forgetting the great truth that a first research, 
poor and immature though it be, means a rich intellectual 
growth — forgetting that to chill the divine spark is often 
to quench it for ever 

The home of information is in this countr)' too often 
the grave of the imagination. The mind of man appeals 
to the known for instruction, to the unknown for inspir.i 
tion ; and the teacher who understands education, which 
means development, will continually bring his pupils, 
however young, with a stimulating shock right up against 
the boundaries of knowledge. 

Huxley, in his essay on A Liberal Edueaiion, spokt' of 
one ' whose mind is stored with a knowledge of the gieat 
and fundamental truths of Nature and of the laws of her 
operations’:' but the emphasis is here laid on (jualit) 
rather than quantity, lie knew full well that no trainiUL: 
of any man worth calling a man is complete without 
research. Thus wc find that on December 1856, at 
the age of thirty-one, he made this entry in his journal, 

* 1856-7-8 must still be “ Lehrjahre ” to complete tram 
ing in principles of Histology, Morphology, Physiolog), 
Zoology, and Geology by Monographic Work in each 
Department’ It must not be concludeW that Huxley 
waited until he was thirty-one before beginning original 
work. In 1845, when he was twenty, he published an 
account of what has since been known as ‘ Huxley’s layer 

* Laf Sirmm, kc., London, 1877, pp. 34-5. 

» Lift emd L€tkr$ T, H, Hnx^^ vol 1 , p. 15** 
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in the ‘ root-sheath ' of the hair,^ and at the end of the 
following year his four years* voyage in the Rattlesnake 
began-— a record of a ceaseless energy in research. 

The commonly received British doctrine teaches that 
research may only be attempted after the most heroic 
preparation. Existing knowledge of any important educa- 
tional subject may be likened to avast plain dipping beyond 
the horizon in every direction, and the student is supposed 
to explore it all in a superficial kind of way before pro- 
ceeding to climb the height which he would fain make 
his own. In a true system of education, developing the 
higher as well as the lower faculties, he would be shown 
the main road traversing the plain, but his search for 
unconquered peaks would be aided from the first, in the 
full knowledge that a wide extent of country round 
the mountain base would be gladly explored and learnt 
with a zest and a thoroughness attainable in no other way. 
And if the appetite for discovery be not acquired early 
in life it is hardly ever acquired at all. For, as regards 
research, it is not so much in the old age of which Matthew 
Arnold wrote, as in the tantalizing consciousness of 
strength unfit for highest exercise that — 

— long the way appears, which seem’d so short 
To the less practised eye of sanguine youth ; 

And high the mountain-tops, in cloudy air, 

The mountain-tops where is the throne of Truth, 

Tops in life’s morning-sun so bright and bare! 

Once reached in youth they will be seen ever more 
clearly in after life, and if the pathos of its close should 
be deepened by a time of failing power, it will be 
illumined by the bright and unquenchable memory of 
the heights. 

To return to Huxley's views on Evolution. Before 
November, 1859, these were what we should expect of 
a great student of animal structure rather than of animal 
life, who was at the same time a profound and cautious 
thinker. Huxley states that before the appearance of the 
Origin he took his stand upon two grounds, ‘ firstly, that 
* Lifi and Letters of J, H, Huxley^ vol. i, p. 21. 
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up to that time, the evidence in favour of transmutation 
was wholly insufficient ; and, secondly, that no suggestion 
respecting the causes of the transmutation assumed, which 
had been made, was in anv way adequate to explain the 
phenomena.'* ‘So,’ he tells us, ‘ I usually defended the 
tenability of the received doctrines, when I had to do with 
the transmutationists ; and stood up for the possibility of 
transmutation among the orthodox — thereby, no doubt, 
increasing an already current, but quite undeserved, re- 
putation for needless combativeness.’* And yet all along 
thife was alive in him 'a sort of pious conviction that 
Evolution, after all, would turn out true And the kind 
of evolution he imagined was, so far as we are able to 
judge, a conception which would arise in the mind of 
one who studied and compared animal structures with 
the eye and brain of the artist or engineer rather than 
of the naturalist. At the age of twenty-six, only seven 
years before the appearance of the Darwin-Wallacc essay, 
we find him writing to W. S. Macleay, ‘ I am every day 
becoming more and more certain that you were on the 
right track thirty years ago in your views of the order 
and symmetry to 1^ traced in the true natural system ^ 
Macleay s views of the grouping of the animal kingdom 
are about as regular and symmetrical as the figures 
seen in a kaleidosco|>e. Such a conception of sharply 
separated mathematically grouped forms would naturall\ 
lead to the idea of evolution by abrupt steps, whcrch\ 
a new form would appear from the sudden transformation 
of the old, just as a chemical compound changes when 
one element in it is replaced by another — the metaphor 
employed by Huxley in his letter to Lyell. alread) 
referr^ to on p. 195. 

The evidence at our disposal leads to the belief that 
this was the state of Huxley's opinion when, towards the 
cod of November, 1859, he read the Origipi. The book 
is planned so as prcct^y to meet his two-fold difficulty 
In place of insumcient evidence in favour of evolution, he 
here met with convincing and weighty proofs ; and these 

* JM and LilUrs 0/ C, Darwm^ vol. ii, p. 18S. • I&td, p 19^ 

* 1 m. p. 190. * and IMkrt T. H. HujeUy^ vol. i, p- 9 * 
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most ardent votar}^of science holds his firmest convictions 
. . . because his experience teaches him that whenever he 
chooses to bring these convictions into contact with their 
primary source, Nature — ^whenever he thinks fit to test 
them by appealing to experiment and to observation — 
Nature will confirm them ’ But with respect to Natural 
Selection as it required the student of living nature to 
discover the principle itself, so the experience which brings 
confidence in it is that mainly of the naturalist The 
strongest confidence in the abuiing truth of a theory is 
gained by those whose imagination has been inspired by 
it. Every verified prctliction made in the light of Natural 
Selection places the theor) u[)on a more secure foundation 
That foundation has Ix^en growing firmer for nearl\ half 
a century, but, as I liope to show b\ illustration in tin 
remaining section of this adtlress the increasing confidence 
IS not so much tiue to the facts which an the pnnuiKo 
of the anatomist as those* which form the e\er}’da) 
experience of th(’ natuiahst of the* m<in who studie's 
animal form and change and instinct not m relation to 
the single mdoidual or the* single species, but in rebi 
tion to the whole* einironment and e speci.dK' tlie wc'irld 
of living organisms lIuxh'N's re‘s('ar( hes determined 
b\ the bent of his mind wen not of this kind, the\^ were 
physiological, anatomical *ind p, da< ontologu al lo use 
his sons words ‘It w.is the < nginee*ring side of nature* 
the unit) (»f plan (»f animal (onstruction we)rk<*d out m 
infinitely \ ar\ ing detail w hie h engrosse d him ' Again, 

' walking once w ith Hooker m the* Rhone wille) , w here* 
the grass w as ali\ (* with red and green grasshoj '|x‘r s Ik 
said, “I w(Kild gi\ e an\ thing lobe as mte*rested in them 
as you are ’ ^ 

It IS no wonde-r the refon , that as 1 1 u\le*\ s <*\|>c*rien( e 
was not that of the naturalist, the < onfideiu e* in Natural 
Selection of which i have* spoken was not for him 

I nejw' pre)jK)se te) draw )our attention to a 1« w examples 
of that adaptation which more than an\ thing else kept 
Darw'in orthodox, but in the* end furnished him wath the 

' / i/f and I ((ten of j // JiuxUy, \ol ii, 44 ) 

* 1 ' 443 
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strongest evidence in favour of his theory The illustra- 
tions will be chiefly selected from old subjects m which 
something new may still be found The examples must 
be limited, and therefore I propose to select them from 
a single Order of insects — the Lepidoptera, or butterflies 
and moths 

So))ie points in the Rt^eniblaute of Ihcttcrjlics to Dead 
Leaves 

One of the linest and best-known e\am[)les of conceal- 
ment lor the piirj)Oses of defence is found m the under- 
side coloration of buttiTllies of the genus Kaltinia, so 
graphic. dl) described In \V,dlac(‘ * \mong the most 
mt(Testmg details of the resemblance is aji oval transparent 
[)<itch on each fore-wing, which allows the light to pass 
through and produces the efiect of a hole m the a])parent 
de.ni le.if In another [)art of the fore-wing of Kal/nna 
the .ippearancc of a hole is [)ro(lu(f*d <is an artist \\ouId 
jiaiiU it, b) the use of wline })o(l\ -('olour Of these two 
methods loimd on the sam<‘ w mg tin* lormf r is undoubtedb 
the more resamt .ind more higld\ -spcci.di/ed method , lor 
when the transj)ar( nt ‘window is examined under the 
micros(:op(' sc.ittered opa([ii<‘ white scedes can still be 
seen m abiind.mce o\er its surbuo , not thickly placed so 
as to pi(\ent tlu* passage ol light but witnesses to an 
(sirlier and less [x rb ( t r( prcsMU.Uion ot light shining 
through a hoh' 

In main spec u s a hol< i^ suggested b^ means ot the 
morepimuti\( method aloiu (^lU'ot tlu' most rmuark 
abl(^ markings possesse (I b) an\ British insect is tluM\hite 
( or ' 1 . 0 mm. i’ on the under surl.KC' ot th(' hind-wing 
of the b'(»mina biitterlh. I^olyiionid [(r/apta) L-aibutn 
Many \ears ag(» 1 c.ime to the ('()n( lusion that it repre- 
sents, m bright, strongl)-r(‘tl(H ting ‘ IkxI) colour the 
light sliming through a semi cinadar leiit in a Iragment 
of dexid Ieaf--th(' rent [)roduc('d when a little segment of 
leaf has broken away along a (ur\ed line, but still remains 
connected wath the rest across the chord of the arc. 
Unless such a segment remains {)recisely in the plane 

' Lsiiiys OH Xoiutijl LoiiJon, ifct75* I'P 
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CONVICTIONS AND DOUBTS 

ht accepted at once, unreservedly, and permanently. He 
furthermore encountered what was to him the entirely 
new idea of Natural Selection, and he instantly recognized 
that it disposed of his second objection that no suggestion 
in any way adequate to explain the phenomena had been 
made. But to the end of his life he never went beyond 
this. He never committed himself to a full belief in 
Natural Selection, and even contemplated the possibility 
of its ultimate disappearance. 

But Natural Selection appeared to him so reasonable, 
so well worth consideration, that he could no longer feel 
any force in an adverse argument depending on the want 
of a cause. If we were so dense as not to think of such 
a reasonable idea founded upon the most familiar of facts, 
what right have we to make use of any such argument ? 
To the Transmutationists and the non-Transmutationists 
he had said, with Mercutio, ‘a plague on both your houses/ 
and he might have expressed his opinion of Natural 
Selection by another quotation from the same character 
It may not be ‘ so deep as a well, nor so wide as a church- 
door, but 'tis enough, 'twill serve \ 

But while Natural Selection thus enabled Huxley freely 
to accept evolution, it is evident, as I have said, that he 
was by no means fully satisfied with it The difficulty 
which he felt early and late, and about which he had 
a prolonged discussion with Darwin, was the fact that 
the breeds created by the artificial selection of man are 
mutually fertile, while the species created ex hypothesi by 
Natural Selection are mutually sterile. Without going 
into the controversy,^ it may be said briefly, that, accord- 
ing to Darwin, Huxley’s objection merely meant that the 
results of an experiment prolonged for an immense period 
were not in every respect the same as those attained when 
it endured for a time comparatively short. 

The reason why other students have felt a confidence 
in Natural Selection not shared by this great leader is to 
be found in his own words. Speaking of ‘ every great 
advance in natural knowledge’, Huxley says: ‘The 

* A fairly complete account of the controversy will be found on pp. 
77-83 of the present volume. 
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of the leiU', light may pa^ through a curved and oflen 
a semi-circuhr slit-like window. Such curved cracks are 
extranely common in old weather-beaten dead leaves. 
They are probably produced by drying and shrinkage 
after much wetting and some decay. 

On April 23, 1903, I had the opportunity of testing 
how far the whole attitude of Poiygonia C-album, during 
profound repose, is consistent with the interpretation 
suggested above. By a curious coincidence, I had been 
speaking of the differences between tcm[X)rar) and pro 
longed resting attitudes in butterflies, at the meeting of 
the Entomological Society of France on the evening 
of April 22, and the very next morning saw for the first 
time in my life the position of this species during complete 
repose. The day was excessively cold for this time of the 
year, and the butterfly was hanging perfectly torpid from 
the horizontal rail of a woo<l fence in a street at Passy 
Several excellent but very small photographs were taken 
with my daughter’s camera : enlargements have been 
made, and from these the actual specimen has been set 
and photographs taken of the natural size,* These show 
that the tw'o anterior wings are held so far forward that 
a deep wedge-shaped notch appears between them and 
the hind-wings. On each side of this notch the well 
known ragged outline of the wings is extremely distinct. 
The two posterior pairs of legs by which the buitertlv 
clings to the supporting surface arc light-brown in colour 
and unexpectedly conspicuous. The antennae are con 
ccalcd, and the contour of the head docs not break that 
of the costal margin of the anterior wings so as to interfere 
in any wa^ with the general effect The whole appearance 
is consistent with a single interpretation — concealment 
effected by resemblance to a weather-beaten fragment 
of dead le^, deeply notched and ragged, and hanging h) 
two denuded film^vascular ' veins * standing^ut far beyond 
one of the edges. The kind of injury suwested by the 
‘ coouna ' only adds another convincing deteU to a pcrfectl \ 
harmonious cryptic effect 

It is interesting to compare this mode of concealment 
’ EihibHed upon the icreai. 
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with that which is common in other Nymphaline butter- 
flies {Kallima^ Doleschallia, Anaea, Precis, &c.), viz. the 
resemblance not to a fragment but an entire dead leaf, 
with midrib and suggestion of lateral oblique venation. 

Holes may not only be suggested by opaque ‘ body- 
colour ’ and by transparent windows, but also by actual 
discontinuity, as is probably the case in certain species 
of Anaea in which the deeply-cut bay in the inner margin 
of the fore-wing may be converted into the likeness of 
a hole by closure along its open side by the costal margin 
of the hind-wing. The holes represented in these apparent 
entire dead leaves seem to have been produced by gnaw- 
ing, e.g. of insect larvae.' They are surround^ very 
conspicuously with a marginal zone of modified colour 
varying greatly in different individuals as regards both 
tint and breadth. This border of altered colour may 
represent the effect of the attacks of fungi entering along 
the freshly exposed tissues of the edge. On the other 
hand, in the leaf-fragment suggested by C-albtim the forces 
of the inorganic environment, which by their prolonged 
action have produced the wear and tear of the margin, 
have also been responsible for the more centrally-placed 
discontinuity. Comparing various species of the genug 
Polygonia [Grapia), it is seen that the curved C-Iike 
window occurs in several ; in some the suggested rent i^ 
V-like, while occasionally the mark appears to represent 
a hole of a reniform shape.^ 

Another interesting point in the likeness to a dead leaf 
is the appearance of fungus-growth, finely described b)' 

’ Mr. W. B. Grove, of Handsworth, Birmingham, who was present at 
the Huxley Lecture, afterwards sent me leaves of several plants attacked 
by minute fungi, species of PhyUosheta and Cercospora, The attack was 
local and followed by the death and disappearance of the central portion 
of the leaf-tissue of each patch, leaving a roundish or oval window out- 
lined with brown, sometimes in the form of a narrow line, sometimes 
spreading centrifugally into the leaf for a greater or less distance. I have 
no doubt that Mr. Grove is right in believing that the ‘ windows ' of 
Kailima resemble perforations made in this way, and not, as^I supposed, 
by the gnawing of larvae followed by fungus attack along 
of the aperture. See Proc, EnU Soc,, Lend., June 7, 1905. 

* See Ibtd, May 6, 1903, for the account from which tij 
deKription has been adapted. 
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Wallace, on the wings of a large proportion of the iodi- 
viduals of Katiima. Here, too, further investigation has 
shown greater detail in the resemblance. The markings 
which represent the largest patches of cryptc^mic growth 
bear a black central column composed of tall, upstanding 
scales. When the patch is photographed slightly magnified, 
under oblique illumination, the character of the scales is 
well shown, together with the pronounced shadow cast 
by the column.* These tall, black scales doubtless repre- 
sent, in form as well as in colour, the fructification in the 
centre of a patch of leaf-attacking fungus, perhaps the 
very kind which at a later stage of development produces 
the holes suggested by the ‘ windows ' on another part 
of the wing surface.® 

Hence it is seen that recent research into this long 
known resemblance to dead leaves has brought out man\ 
new details, but only .such as add to and strengthen the 
old descriptions and support the old interpretation. The 
likeness to leaves is shown to Ixi even more remarkable 
and more detailed than was at first supposed, but not 
a single new fact suggests that the appearance serves an) 
purpose except protection from enemies in the struggle for 
life, or hints at any cause of evolution except accumulation 
by the survival of the l)C5t-conccalcd individuals through 
innumerable generations. 

Same Seasana/ Changes in Dutterjlies and thei) 
Signifuance. 

The fact that there arc wcll-markcti differences between 
the wet season and the dry season broods of certain butter- 
flies has been known for many years. Among the most 
characteristic of these is the tendency of the apex of the 
fore-wing to be much elongated and bent, or some 
times even hooked, in the dry season. Almost equall) 
marked is the greatly produced anal of the hind- 
wing at the same season of the year. These characters 
have been recently observed to be conspicuous in the 
Indian Kallimas of the dry seas<m, which are also larger 

' Eihibted upon the tcreen. 

• Pm. Eni, Sdf., Lmd,, June 7, 1905* 
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than those of the wet, and possess paler tintsd In 
attempting to understand the difference in outline which 
IS characteristic of so many butterflies in the dry season, 
It must be borne in mind that the apex of the fore-wing 
represents the tip and the anal angle of the hind-wingthe 
base of a leaf, and that the two are commonly joined by 
a streak representing the mid-rib, with more or less distinct 
lateral marks suggesting traces of the oblique veins All 
are peculiarly well marked in Kallinia Now the dry 
season outline certaml) cannot be explained by affinity 
between the butterfiies possessing it, inasmuch as it is 
found inde[)( ndentl\ in Satyrinat\ Ny7)iphahnai\ and 
Pierniai Its (‘\})lanation is rather to be sought for in 
the independent j^rotectue resemblance to some feature 
which is characteristic of th(‘ surroundings in the dr) 
season, as contrast^al with the \\f‘t Such a feature may 
j)robabl\ be found in the forms assumed by dead leaves 
curled and war[)ed m the dr\ season flat- -like damp 
blotting-paper in thf‘ wet - 

1 he diiterences her<“ (h*scrib('d are not iiuanabK cha- 
racteristic of the srason I hus in Kalhnia paralekta, 
of the Mal.iN .irclup( lago. the specif's r(mdered classical 
by Wallaces d<'scnption, the dr) season .ippe.irance is 
!)orne b\ the fem.des the wet b\ tfu‘ m.des d'he inter- 
j;rctation ma\ perhaps be lound in tin* different habits 
of the t\u)se\(s, or it ma\ be an aiKant.ige to the species 
that one set of indi\'iduals should resemble haves of one 
form, another s<‘t those of anotluT form, thus increasing 
the catf‘goru‘s of obn i ts m tlu' surroundings for which 
they might lx mistaL^ n by tluur enemies 

Both seasonal form, of the Indian Ixallimas tend 
strongly tow aids concealmt nt. although tlu' mdi\iduals of 
the dry stcison aie probabl) mon^ [Kifectl) hidden than 
the others In Africa the two seasons are mor(' sliarpl) 
contrasted than in India, and the differences between the 
forms of butterflies with seasonal phases ma) also be far 
greater Some of the African species of the genus 
‘ Obstri ations on /nJi.in BuHirfim, l)\ 1 ' R Bell , Ent Month 

Mug , I vo6, pp 12 1-8 

’ Pro^ Ent Soi , Loftd , (Jet 21, f^O], see also Eni Month Mag , 

1 906, p I j6 
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Precis, allied to Kallima, possess seasonal forms closely 
resembling those of the latter. In other species, however, 
the phases arc more distinct than those of any known 
butt^y. Naturalists were fairly astounded when, in 
1898, Mr. Guy A. K. Marshall first bred the black and 
blue dry season Precis sesamus from the black and red 
wet season P. naialensis^ The two butterflies differ in 
size, form, pattern, colours, relation of upper to under 
surface, and habits. But for the fact that very rare inter 
mediate examples were known, they would not have been 
looked upon as closely allied. The under side of the dr) 
form is very dark and well-adapted to hide the insect in 
the sheltered places it frequents ; the under side of th< 
wet form resembles the upper side, save that it is even 
more conspicuous, and the individuals of this phase 
furthermore seek exposed and open ground. The same 
alternation between a dry form with under side strong!) 
adapted for concealment, and a wet form in which it is 
highly conspicuous, has been established in other specn s 
by Mr. Marshall, by the same incontrovertible e\i 
dencc. Of these Precis anti tope and P. actia are almost, 
if not quite, as remarkable as P, sesamus. In Prai^ 
arckesia, which he has not yet succeeded in breeding from 
one form to the other, the difference is particularly instrur 
tivc, A mid-rib-likc stripe is, perhaps, the most effective 
detail in the dead-leaf like appearance of the dry pha^r 
under side, and this ver)'feature isemphasized — broadcncti, 
lightened in tint, and with sharp outlines — into the most 
conspicuous character of the wet form. The ver)' cha 
racter which chiefly promotes the concealment of oik 
phase is the principal element in the conspicuousiK 
of the other. In attempting to understand these astonish 
ing alternations it is necessary to study the relationship 
between the seasons and the struggle for existence which 
goes on in them. The dry season is a tim^ of far greatei 
pftssure than the wet ; for although enemies of insects arc 
fewer, the insects thcmiwdvcs are proportionatclyeven more 
reduced Large groups of insects bury themselves in tlie 
ground, and so disapp^ altc^[etber. Hence the strugglf* 

* Am. Ma^. AW. Afi//., «er. 7, vd. ii, Joly 189S, p. 30. 
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• falls withcspcdal sevcrityon those still to be seen. Further- 
more, the ary season forms arc much less upon the wing 
than the wet forms of the same species, and are apt to pass 
long periods in a state of hvbernation. Although drought 
rather than cold is the probable cause of these periods of 
torpor, the term hybernation is not inappropriate , for 
almost everywhere in southern Africa the dry season corre- 
spondswith the winter, the wet with summer. Althoughless 
upon the wing, the dry forms are commonly more alert and 
active, and thus more difficult to catch than the wet. The 
succession of broods is also nearly or quite at a standstill 
in the dry season, so that the individual insects must endure 
the repeated risks of a much longer life than those of 
the other season, when the numbers are suddenly multi- 
plied again and again by a series of brief generations. 
Hence each individual of the dry phase is worth far 
more to the species, and its loss is a much greater loss 
than that of a short-lived individual of the other phase. 
The risks during the periods of repose form a much larger 
proportion of the total risks in the dry season than in the 
wet. During these periods the insects are sought by 
enemies different from those which pursue them upon the 
wing and in the brief rests between short flights. It is 
probable that the former enemies — insectivorous mam- 
mals, reptiles, and birds which explore crevices for their 
food — are less scrupulous in their tastes than those which 
hunt alert and active butterflies. In the wet season, on 
the other hand, butterflies are upon the wing in every 
gleam of sunshine throughout their comparatively short 
fife ; and the enemies which they chiefly have to encounter 
are those which pursue them on the wing or stalk them 
in the brief intervals of rest. It has already been pointed 
out that insectivorous forms generally are living in a time 
of comparative plenty in the wet season. From these con- 
siderations we can understand how it may be an advantage 
to a somewhat distasteful species to be represented by 
individuals with conspicuous warning (aposematic) colours 
at a time when there is abundance of more palatable food, 
and by well-concealed individuals at a time when food is 
scarce and the struggle for life severe. 
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Similar considerations encour^ the hope that we inay 
understand another feature whicn has been long known 
to be characteristic of wet season forms, espcdally in 
the Satyrinoi, the group which includes our well-known 
‘Meadow-brown’, 'Heath/ and 'Ringlet' butterflies. 
1 refer to the development of eye-spots on the under side 
of the wings in wet season broods and their disappearance 
in those of the dry. An observation made in 1887 by 
Professor Meldola and the present writer throws light 
upon the problem. I had introduced a ' Small Heath 
Butterfly' {Coemnympka pamphilus) into the cage of 
a li/ard. It was at once obvious that the re[)tile 
greatly interested in the large eye-s{x>t on the under sid(' 
of the fore wing: it examined the mark intentl), and 
several times attempted to bite it.’ Mr. Marshall ha^ 
also observed that a South African kestrel |)ecked out 
the eye-spots from the hind-wing of a ‘ Swallow-tail 
buttcrtly before eating any other |xirt * Furthermore 
captured butterflies are es|>ecially liable to exhibit in)urio> 
in the vicinity of such marks. Some of these tears or 
snips out of the wing afford very strong indirect evidcnc< 
that they were made by an enemy.'' It is probable 
therefore, that such eye-spots as those of the Satynmu 
which are placed on parts of the wing surface rcMiiou 
from the body, arc adapted to divert the attention of an 
enemy from the vital parts, thus giving the insect another 
chance of escajx?. Such directive marks will render the 
butterflies more conspicuous during the periods of com 
plctc repose, and we can readily understand that tlu \ 
would be a great danger, and why they should be withlicM 
in the dry season. The fact that these markings arc ol 
value in a period of activity and a danger in com plctc 
repose* is also rendered probable by movements of tin 
fore wing which have been observed in many Sat>rincb, 
changes in the attitude such as to reveal the eye-siK)t 
during a brief rest when the insect is alert, but to conceal 
it when the rest becomes probnged.^ It is probable, 

• CWm// ^ London* 1890, pp. ao 7 - 

• Tram, Ent. S&c,t JUmi., 190*, p. 141, 

• Icpp. 366-75* Uc. pp. 37«-440- 
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therefore, that the eye-spots tend to be developed in the 
active wet season individuals of many Satyrinae^xiA a few 
Nymphalinae as a special adaptation to meet the attacks 
that are made upon them in the alert condition; and 
that eye-spots are withheld in the dry season brood 
because they would be a danger in the periods of repose, 
which are far more pronounced in this as compared with 
the wet phase. ^ 

The light thrown by recent investigations leads us confi- 
dently to believe that the differences between the seasonal 
forms — hitherto devoid of interpretation — have a meaning 
and a value in the struggle for existence, and came into 
being under the sway of Natural Selection. 

A new Interpretation of an old example of Mimicry in 
Butterflies. 

In the short time that remains I can only say a few 
words about the recent growth of the theory of mimicry 
which we owe to Fritz Muller, and its gradual encroach- 
ment upon the area formerly held by the theory of 
H. W. Bates This latter was not, as has been generally 
supposed, originated b}' Bates during his years of obser- 
vation in the valley of the Amazon. It arose in his mind 
after his return home, when he came to examine his 
collection and to reflect upon his experiences. His theory, 
published in 1862,- is so well known that it is unnecessary 
to do more than direct attention to the essential point, 
that the mimics are supposed to be hard-pressed and 
palatable insects which gam advantage from their close 
resemblance to abundant, distasteful, conspicuous species. 
Bates did not fail to see that these common, unpalatable 
models certainly mimic each other, but the fact could 
not be explained on his hypothesis, and although he 
mentioned the fact, no example finds a place in the 
beautiful coloured figures of his historic memoir. Had 
they been thus illustrated, I venture to think that his theory 
would never have received the general support which has 
been accorded to it, for it would have been at once 

^ See Am. Soc. Ent. France, vol. Ixxii, 1903, p. 407. 

» Tram. Ltnn. Soc., Lend., vol. xxiii, p. 495. 
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rtcogniied that the r^mbUnce between his mimic and 
his model was a very poor thing as compared with the 
astonishing likeness of one model to another. And there 
is no question of affinity in the resemblance of models any 
more than in that of mimic and model. In 1879, when 
Fritz Muller offered an explanation of these mysterious 
resemblances/ the Batesian theory had been before the 
world for seventeen years, and had attracted a great deal 
of attention. Furthermore, the examples selected b) 
Muller were not very striking, and were illustrated 
without the use of colour. He made the illuminating 
suggestion that the resemblance between the dominant 
m^els was mutually advantageous, inasmuch as it facili- 
tated the education of their incxjx^ricnced foes, reducing 
the amount of destruction which must be wrought diinn- 
the time in which young birds and other insect-eating 
animals are learning what to cat and what to avoid 1 1 
^ and B be two distasteful sj^ecies closely resembling 
each other, and if they be equally common, an individu.il 
of will be seized before B by an ine\(>cricnced eneni\ 
as often as an individual of B before A. In the first 
case B benefits from the unpleasant effects produced b) 
A, in the second A benefits from the effects of B 
Professor Lloyd Morgan’s observations upon ilieactivitM s 
and instincts of young birds of many sjiecies * prov(‘ that 
their education is actually of the kind presupposed by the 
Mullerian theory'. He shows that they have no instinrtKi 
knowledge of things which are good for food, but cxarniiif 
and test everything. On the other hand, they have ver) 
good memories, and retain a firm impression ol the appear 
ance of objects which have given them an unpleasant 
experience. Furthermore, there is evidence that thc) 
arc influenced in their behaviour towards objects rcsem 
bling the one which has proved objectionable to them 
Fritz Muller's paper was translated by PrAfessor R. Mel 
dola^and publish^ in this country almost immcdiatelyafter 
its appearance^' with the result that the theory has been 

* It) for Miy, 1879, p. too. 

* HMf amt Lootbn» 1896. 

’ Frw. JW. 18791 !>• 
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more widely understood and has gained a larger number of 
supporters in this country than in any other. Nevertheless, 
in spite of the powerful defence always accorded to it by 
Professor Meldola, the progress of opinion in the direction 
of Mullers hypothesis has been until quite lately slow 
and gradual ; and this is probably due to the fact that 
the minds of naturalists were already occupied by the 
older and, in many respects, antagonistic theory. It is 
impossible on this occasion to give any general account 
of the evidence which has been gradually accumulating 
in support of the Mullerian theory; but the name of 
Dr, F. A. Dixey will always stand out as one of its chief 
defenders, and one who, more than any other, is respon- 
sible for the recent rapid growth of opinion in its favourd 
Ever since the appearance of Bates's original paper 
textbooks have copied from it and from one another 
the wonderful examples of palatable Pierine butterflies 
(belonging to the group which contains our own ‘Garden 
Whites’) living upon the evil reputation of their models 
belonging to the tropical American ‘ Heliconidae ’ (a com- 
posite group in Bates’s memoir). But Dr. Dixey has 
even dared to lay his hand, so to speak, upon the Ark of 
Batesian Mimicry itself, when, in 1894, he argued that 
the Heliconid models in certain respects mimic their 
Pierine imitators . that the resemblance has been attained 
by means of reciprocal approach. 

It has been shown on page 103 that the columns oiPinuh 
afforded an excellent reflection of the state of contemporary 
thought and criticism on Darwinian and Lamarckian Evolu- 
tion. It is precisely the same with Batesian and Mullerian 
Mimicry, as is clearly shown in the following passages ^ — 

‘ The same [museum] case contains an object-lesson illus- 
trating what is described as “ Reciprocal Advantage ”. So 
far as I can follow it, the situation is something like this : 

' See especially the following memoirs by Dr. Dixey Rep Brit Ass.^ 
1894, p. 692 (abstract); Trans Eni Soc., land, 1894, p. 249; tbid,y 
1896, p. 65 ; ibtd., 1897, p. 317, see also the discussion which followed 
this latter paper, in Proceedings, 1897, pp. xx-xxxii and xxxiv-xlvii, 

* Punch, May 2, 1906, pp 312, 313, Afora/ Rejections at the 
Natural History Museum, I. 
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* There is a Nice Butterfly (whom we will call A,) who is 
uncomfortablyconsdous of being regarded as a delicious tit- 
bit W every bird or lizard with any pretensions to a palate. 

‘ There is also a Nasty Butterfy (hereinafter referred 
to as B,) whom even the least particular lizard or bird 
will, after a single experience of his peculiar flavour, take 
uncommonly good care never to touch again. 

‘ So says A. to himself (or else Nature says it for him — 
I am too unscientific to know which) : "If I could only 
make myself /oo/k as nasty as B. is, all the birds and 
lizards would let fpu alone ' ' Which, by patience and 
perseverance, A. gradually contrives to do. 

‘ Well, I will admit that this idea of/4.'s is not without 
a showy ingenuity, even if it is w'anting in true reciprocit) 
and consideration for B,'s interests. What I fail to see is 
that, from A is point of view, it is really such a vfTy 
masterly stratagem/ 

The writer then goes on to point out that when llif 
enemy comes across A before B all the advantages as 
he conceives them would be lost, while B itself would Ix^ 
endan^red in spite of its nauseous qualities. 

Omitting the allusions to conscious imitation, which, 
although expressing a common popular error, are cicarl) 
not intended to be taken seriously, the whole argument 
is a fair presentation and criticism of Batesian mimicr) 

It only fails to do justice to thi.s hypothesis in one respect. 
— the mimics are represented as relatively common, so 
common indeed that it is assumed to be a matter (jI 
indiflference whether A or B ht met with first. But 
Bates assumed that the nauseous models are humireds 
or even thousands of times as abundant as their palatable 
mimics. It is true, however, that the mimics are often 
extremely abundant, but then it is probable that such cases 
are to be explained by the alternative throry’ of Frit/ 
Moller. As a matter of fact, the title of the exhibit, 
'Redproca} Advantage*, is conclusive evidence that It 
was this theory, and not that of Bates, which was being 
illustrated In fact both A and B arc supposed to be 
nauseous : then If an enemy cats B first it will 1^ warned 
against the appearance of A u well as ^ ; if it eats A 
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first, against B as well as A. A certain number of lives 
must be sacrificed in the period during which inexperienced 
enemies are being educated to avoid the appearance which 
A and B bear in common. If we assume that the in- 
dividuals of the two species are equally abundant and 
occur intermixed, it follows that these necessary losses will 
be shared between them, instead of being contributed 
by each independently, as would be the case if their 
colours and patterns were different. Each loses only 
fifty per cent, of what it would lose but for the 
resemblance — surely an ample measure of ‘ Reciprocal 
Advantage ’. 

The writer in Ptnicli criticized an illustration of the 
Mullerian theory, believing it to be an illustration of 
Batesian mimicry. 

I propose, in conclusion, to draw your attention to one 
of the oldest and best-known, as well as one of the most 
beautiful, examples of mimicry — one upon which new 
light has been thrown by increase of knowledge. The 
example will serve as an illustration of the reasons which 
have led to the gradual transference of confidence from 
the Batesian to the Mullerian theory. 

The Danaine butterfly Limnas chrysippus is, perhaps, 
the commonest species on the earth, ranging over nearly 
the whole of the Old World tropics. Its conspicuous 
colouring and simple pattern are everywhere mimicked ; 
but especially in Africa. In fact, we may confidently 
conclude that Africa is the ancestral home of the species, 
because of the intensity of the effect which has been 
wrought by it upon the butterfly and moth fauna of this 
part of the world. ^ One of its mimics accompanies 
chrysippus in all parts of the range — Hypolhnnas misippus, 
a Nymphaline butterfly of powerful flight. The mimetic 
likeness is, as in so many other species, borne by the 
female alone, but in this sex it is singularly perfect, and 
in earlier years it has always been regarded as one 
of the best-known and commonest illustrations of Bates s 
theory. But it is far more likely that H. misippus belongs 
to a genus which is in some way unpalatable, and that it 
* Proc. Amer. Ass. Adv. Sci , 1897, vol. .xlv), p. 244. 
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enters into Mullerian assodadon with a Oanaine butterfly 
even more distasteful to insect-eadng animals. Bates 
supposed that his mimics were hard-pressed forms which 
managed to survive by their decepdve likeness to some 
well-known, specially-protected, conspicuous, abundant 
model. But minppus is an extraordinarily dominant 
spedes : it may often be met with more abundantly than 
its model.' Furthermore, the mimic has now succeeded 
in establishing itself and lives without its model in several 
places in the New World — Florida, certain West Indian 
islands, Dcmerara, Brazil. This remarkable extension 
of range is mainly due to its wonderful power of flight,* 
but also to the possession of qualities the very reverse 
of those commonly supposctl to Ik* characteristic of 
a Batesian mimic. The tropics of the New World are 
inhabited by a community in which a feeble Intruder is 
by no means likely to hold its own. 

Furthermore, r belongs to a genus 
of which nearly all the species mimic Danainc butterflies 
and yet none appear to be hard pressed in the stnigglc 
for hfc. This is readily explicable if the whole genus 
possesses distasteful qualities. The males when non- 
mimetic, as in many of the forms, bear a marked likeness 
to one another, whereas the mimetic females have been 
modified in all kinds of directions by the mimicry of diverse 
models. The remarkable species from hladagascar, 
Hypolimnas daHiMm, mimetic in neither sex, possesses 
a pattern of the same general type as that of the non- 
mimetJe males of other species. Tnere can be little doiibt 
that this is the ancestral appearance of the genus, and 
that the females at one time possessed the pattern of their 
non-mimettc males, to which indeed in many species they 
commonly tend to revert in a greater or less degree. 
Now this ancestral non-mimetic pattern m about as con- 
spicuous as that of any known butterfly,— a black ground- 
cotour, with a large white patch in the centre of ea^ wing, 

' Set Mr. C. A. WMai'i sad Mr. H. A. B/stt't obitmtioiis in 
Ahks, Prm, MmL S$e^ LmL, Msy 6, $fq% p, siis. 

* Sic JEW. xM, Dec p |i$, for iht sccoam of a iwsrm 
cncouaiml on tbt Adiaflc gSo mihi frm the omm South Anttkso 
Afrkaa 
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and an additional smaller patch at the apex of the fore<wio^. 
The under side, although diflFercnt from the upper, is 
also conspicuous, and evidently belongs to a veiy differwt 
category from, e.g., the leaf-like under sides of KalHfHa, 

If the remarkable cryptic coloration and attitude of this 
latter is held to be indirect evidence that the spedcs is 
[palatable to insect-eating animals, it follows that such an 
under side as that of the male H, misippus constitutes 
indirect evidence of unpalatability, in other words that it 
is a warning (aposematic) appearance. 

If the argument set forth above be sound, it is obvious 
that the mimetic females of HypoHmnas have, in their 
past history, merely exchanged a conspicuous warning 
pattern characteristic of the genus for conspicuous patterns 
borne by distasteful forms inhabiting the same country. 
In other words, the evolution has been of the kind we 
should expect upon the Milllerian theory.’ 

And now in recent years astonishing evidence in 
sup[X)rt of the same conclusion has been forthcoming. 
The non-mimetic male of Hypoltmnas misippus is itself 
beautifully mimicked on both upper and under sides by 
two Nymphaline butterflies in \Vestern China — Limenitts 
albomaailata and Athyma pmutata. 

The model is abundant in the tropics far away to the 
south, but becomes much rarer in Northern India, and has 
never been known in Western China, where its mimics 
are found. We are driven to suggest two alternative 
hypotheses: (i) The model, with its immense powers of 
flight, has visited Western China sufficiently often and 
for long enough periods to render the mimetic resemblance 
advantageous. Against this it may be urged that 
//. misippus is a tropical butterfly, and it is most improb- 
able that it would reach, or at any rate establish itself, 
in such a latitude and elevation as, e.g., Ta-tsien-lu ; 

A more probable hypothesis is afforded by the lines 
of migratory birds, applying in the temperate zone, where 
they nest, the experience learnt in the tropics. If a bird's 
experience of //, misippus be an unpleasant one, it follows 

* Set Proc. Amtr.Ass.Adt, Sa\, 189^ vol. xlvi, p. 14*; also Trans 
£fif, 2W.. 190a, pp. soo-2. 
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that a modiAcation in the pattern of any other conspicoous 
butterfly which suggests the same experience and leads 
to a cautious attac^or perhaps averts attack altogether, 
will be advantageous. Both the genera to which the 
mimics belong are certainly conspicuous, and it is probable 
that they, too, are distasteful. It is, of course, necessary 
that the same enemy should see both model and mimic; 
but, if this be achieved, it matters not how many hundreds 
of miles may intervene between the two. The northern 
mimics belong to genera of black, white-marke<I butter- 
flies which have much in common with the black, white- 
marked male of H. tttiiippns ; so that it is not difficult to 
understand why the latter species, rather than any other 
distasteful resident of the tropical areas to the south, 
has been imitated. There was, in fact, from the very 
first, sufficient likeness for Natural Selection to work upon * 
The hypothesis here suggested demands intjuiry into 
the habits of the migrator)' birds of Western China, the 
routes followed, and dates of arrival and departure. 

The consideration of HypoHmna^ as an 

example of mimicr) . and rspeciall) the striking fact that 
its male is a model, while its female is a mimic, serves as 
an illustration of the changes in inteq)retation wrought 
by the accumulation of new observations. But the out- 
come of such modifications — and they are taking place 
everywhere in the field of natural hi.stor}‘ — is that Natural 
.Selection rests on an ever-broadening foundation. If it 
were an crroncoiis or a merely inadequate theory of 
evolution, would not the astonishing increase of know- 
ledge a^in and ;^ain bring to light facts which are 
ab^lutely irreconciUble with it ? 

The examples brought forward on the present occasion 
are but a sel^tion from a vast body of observations which 
receive an intelligible interuretation uod#r this theory, 
but not under any other* Vvhen accumulated (acts, not 

* Set Rspotf of tht Deksaiti of the Oxford Umvttwiiy Moftcutt for 

1904 ia tbt 0 ;^^ 190$. 

* For i dfUM itatMMM of iht teoit of nimkty hi rckikio to 
Nsiural SdecUou lee Um. Sw. /mt*. 2M, vol xx^ pp. 
nprhned u Emy vifl, p. t to. 
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only of the class here referred to, but of the most diverse 
kinds, receive an intelligible explanation upon any theory, 
they finally become a solid foundation for the theory itself. 
Many theories of transcendent importance are held upon 
indirect evidence of precisely this kind. We believe in 
evolution, not because we see it taking place, but because 
of the immense number of observed facts which it renders 
intelligible, and the same is true of our confidence in the 
Newtonian Theory. 

Whenever a naturalist approaches a problem in the 
light of Natural Selection, and is able, by its aid, to pre- 
dict a conclusion which subsequent investigation proves 
to be correct, he is helping in the production of evidence 
in favour of the theory. When a naturalist has found the 
formula ‘ if Natural Selection be true, so-and-so ought to 
happen', the safest of all guides into the Unknown, when 
it nas brought him success many times and in ver)' diffe- 
rent directions, when he knows that many other workers 
in other fields of biological inquir)^ have had a similar 
experience, he gradually comes to feci a profound con- 
fidence in the permanent truth and the far-reaching 
importance of the great theory which has served him so 
well.* 

The experiences of the naturalist, the student of living 
nature, did not appeal to Huxley, and therefore it is not 
remarkable that he was unable to feel much confidence in 
Natural Selection. Rut those who are inspired by it will 
never forget how much they owe to Huxley for the leading 
part he took in the great battles which had to be fought 
before Evolution, and Natural Selection, too, were accorded 
a fair hearing . and his success went far beyond even 
these issues. Whatever stirring and subversive ideas the 
future may bring forth, we may be sure that they will 
never suffer from the treatment accorded to the Origin 
of Sp€ciis \ and, far more than to any other single man» 
the world owes this immense gain to Thomas Henry 
Huxley. 

‘ Pouiton, Ckarifs Darwm and the Thtory of Nahtrol Stltctkn, 
London, 1896, pp. 14a. 143. 
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NATURAL SELECTION THE CAUSE 
OF MIMETIC RESEMBLANCE AND 
COMMON WARNING COLOURS 

AP.pcr read before the I.innean Socieiv of I^mlon, ^tan.ll 17, 189S 
Reprinted from the I.tnntan Sc^uly'i Jimrnal — Ztvlt^y, »t)l. j«vi, (> V’j'* 

Rtvittd grtoUy mivhjitj many aJJthtnt h UM anil 

I. Hi star till I iHlrodvclion. 

SuPERKiriAL rcsemblancrs b<*tMccn animals, especially 
numerous in Insecta, were known lonj[ before H. W, 
Bates's fjaper, CoHirthutiom to ait Inwl Fauna of thf 
Amazon / al/ey, was read before the Linnean Society on 
November 31, 1861, and publisher! in the TrauuuhOHt 
the following year.' Some of the pnncipl records of 
these earlier observations arc to be found in the Trans- 
adions of the same learned Society. 

VV. S, Macleay, in his Horat linlotHolt^at,^ alluded 
to certain cases which are now included under Mimicry, 
viz. the likeness of some Diptera to Hymenoptera, at^ 
interpreted them, towther with many other resemblances 
of structure and life^istory. by the [rrincipic of Analogy 
as distinct from Affinity in Nature.’ These views were 
ad^ed by Macleay's immediate successors. 

The Rev. William Kirby read A DtsAnpiian of tomr 
lamis apfmr to tx^o^Ufy Mr. WiUiam S. Mac- 
Lit^t Doetrim of Affinity and Analogy, before the 
Linnean Society on Decem^r 17, tBia, and the paper 
was published in the Trantaztions.* 

' VoL isiif, |x ' l aaJoii , lit; sad i8*f . 

’ ft, II, 113*1. ' Vol j», jtj. 
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EARLY WORKS ON MIMICRY 

Boisduval, in 1836, remarked on the resemblance 
between certain West African butterflies belonging to 
ve^ different groups.* 

rrofessor W^twood read Illustrations of the Relation- 
ships existing amongst Natural Objects, usually termed 
Affinity and Analogy, selected from the Class of Insects 
before the Linnean Society, on January 17 and May 2, 
1837, ^he paper appearing in the Transactions:^ In the 
memoir many new examples were published and figured, 
while Macleay's views were criticized and expanded in 
an interesting manner. 

The same recognition of Mimicry is equally well seen 
in the names with the termination formis given to so 
many of our moths, indicating their resemblance to wasps, 
bees, and other insects. In spite, however, of the know- 
ledge of a large number of instances, the subject made no 
real progress until the appearance of H. \\\ Bates's paper. 
The view then set forth that the resemblances arc in 
themselves beneficial to the possessor was, as far as I am 
aware, only once suggested before— in the well-known 
Introduction by Kirby and S[>ence. These authors write 
as foUj^ws . — ‘ Some singular larvae, with a radiated anus, 
live in the nests of humble-bees, and are the offspring of 
a particular genus of flies {Voliuella, Geofifr., Pterocera, 
Meigen), many of the species of which strikingly resemble 
those bees in shape, clothing, and colour. Thus has the 
Author of nature provided that they may enter those 
nests and deposit their eggs undiscovered. Did these 
intruders venture themselves amongst the humble-bees 
in a less kindred form, their lives would probably pay the 
forfeit of their presumption.’ * This interesting paragraph, 
although fully recognizing the utility of Mimetic Resem- 
blance in species which were then believed to have been 
separately created and to have come into existence fully 
formed and complete, sustains a position which is the 
very antithesis of that taken up by Bates, The con- 
tention that the utility of the resemblance has been the 

* SUctn G/n&td dts IJptdoplkres, pp, 372, 373. 

* Vol. xviii, p. 409. 

* Kirb/ and Spence, vol. ii, 1817, p. 333. 



321 THEORIES OF MIMICRY 

cau36 of its persistence, and, by the Motion of var^tions 
goii^ further in the same direction, of its improvement, 
would have been rejected, probably with indignation, by 
the distinguished authors oi the Introduction. 

Bates’s great paper dealt with the fauna of tropical 
America, and the generalization was manifestly incomplete 
until it had been extended to other parts of the world. 
This confirmation was not long in coming, being supplied 
for the tropical East by A. R. Wallace's paper published 
in the Transactions of Uic Linnean S^iety,‘ and for 
Africa by Roland Trimens paper, also to be found in the 
Transactions of the same Society.* 

It is remarkable how completely the Linnean Society 
has been the medium for the publication of classical 
memoirs upon Mimicr). Up to the year 1870 it con* 
tainetl them all , while in 1858 it served as the channel 
through which the parent theory of Natural Selection wras 
first given to the scientific world. I'he next great advance 
did not take place until 1879, and was published else* 
where. 

Bates had called attention to certain resemblances 
which could not Ik* tnier|)reied under his rhjpry of 
Mimicry, \ u. the fretjueni similarity between the sj^ecially 
defended forms themselves. Sjiecies which arc them- 
selves the moilcis for Mimicry nevertheless mimic or at 
least resemble other models. For such cases Bates could 
only suggest the direct action of some unknown local force 
or lorccs, and in this interpretation he %ras at first followed 
by VV^allacc. 

In May. 1879. Friu Muller published a paper in 
Kosmos'^ which for the first time offered an ex{^naU0ii, 
based on the theory of Natural Selection, of these 
fii)'sterious rcseml>lances. He su|^ested that such like- 
ness between dominant forms was ad^nugec^ inasmuch 
as it faeiJiuted the education of thdr ettames, redt^i^ 
the amount of deitnictton whtdi must be wrought during 
the time in whidi young biixk and other animab are 
learning what to eat with impunity nod what to reject 

* ISSS, vol p I. • 1170^ ^ MMM, P 

* Jum and a nmarMit am M 
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The wper was translated by Professor R. Meldoia and 
publmed in this country almost immediately afiter its 
appearance,^ The new hypothesis was at once accepted 
by Wallace as well as by Meldoia, but, to the end 01 his 
life, Bates could never brinp^ himself to believe tt In 
1882 Meldoia published an important paper* containii^ 
new facts and arguments in favour of MuIler s hyp<Xhesis 
and further support was afforded by the present writer in 
1887.® 

During the past thirteen years the Mullerian theory 
: has gradually absorbed more and more of the ground 
^ that was formerly believed to be covered by the theory of 
Bates — an advance due in chief part to the researches of 
Dr. F. A. Dixey.^ 

The facts which the Mullerian theor) sought to explain 
concerned the fauna of tropical America . the naturalist 
who explained them was living in the same part of the 
world. A few years later, however, F. Moore showed 
that there is the same resemblance between the dominant 
butterflies of the tropical East\ and in 1897 
pointed out by the present writer that the same facts hold 
in Africa.® 

In 1S97 1 (X)inted out that Mullerian Resemblance is 
not true Mimicry at all, but rather an example of Comndon 
Warning Colour,^ and with the assistance of Mr. Arthur 
Sidgwick the term Synaf>osemaiic w^as proposed as de- 
scriptive of it ; the term Aposei)uihc having been pre- 
viously suggested for ordinary Warning Colours.* 

I have now given a brief account of the leading phases 
in the history of Mimicry. Even before the appearance 

‘ Proc. Eni. $oc., Land , 1879, P- ** 

■ Attn, and Mag, Xat, 5ih ser , vol x, Dec. 1882, p. 417 

* Pro<, Zeal, S(K,y Lond.^ March 1887, p 191. * Sec p. 213, n. 

* Proc. Zooi So^.y Land., 1883, p. 201. 

* Report 0/ thi British Association at Toronto^ 1897, pp 689-91. See 
iko Roknd Trimen’s Presidential Address (o the Entomological SoaeUv 
[an. 19, 1898 (ProcitdiHgSy 1897, p. Ixxxv), 

’ Proc, Eui, Soc.y Lond,^ 1897, p. xxix; Report Bnt, Assoc., 1897^ 

>, 691. 

. * Poalton, Coiours y* Ammals, Iniernat Sa. Scr,, London, 1890^ 
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of Fritz Muller's paper a great effect had been produced. 
The immediate stimulus to the investigation of new 
examdes and fresh aspects of Mimicry whfch followed 
Bates s memoir, must be ascribed to the fact diat then for 
the first time was offered a good working hypothesis — 
a hypothesis which seemed to afford an adeouate ex- 
planation of one class of known facts, and challenged its 
critics to find insuperable difficulties among facts as yet 
unknown. In the forty-five years which nave elapsed 
since the appearance of this great memoir an immense 
number of facts bearing upon the subject have been dis- 
covered, and many naturalists consider that the Theories 
of Mimicry. assoaatc<l with the names of H. VV. Bates 
and Fritz Muller, have stood the test with complete 
success, and that an interpretation base<l on the lhcor\ 
of Natural Selection is in a far stronger j)osition than in 
i86i. It is. I believe, true that tnis opinion is men 
gencrallv held among the students of Other groups of the 
aninul kingdom than among those who arc specially 
dcvoteil to entomology 

2 . TAf various Hypotheses which hair deen proptmd 
Substitutes for Natural SeUition af the Hxp/ahtdton of 
Mimury aud Common ICarnin^ Colours 

All the various suggestions which have been propved 
as substitutes for Natural Selection, may be included 
under three heads — 

i. The direct effect of some physical or chcmiail cause 
or causes connected with locality, such as climate. fcHxi 
&c* This may be called the Theory of External Causes 

ii. The independent evolution of a similar apj>earan(e 
in distinct species. Mimetic Resemblance, according to 
this hypodiests, is due to internal developmenul causes, 
compdling different species to pass ihrough similar |>has<'^ 
My fnena Professor Patrick Geddes has told me that lu 
is in favour of this view, and it is the central idea of 
Professor G. H. Eimers woritd The hypothesis that 

* Laws of Growth ' may cause these resemMances also 
falls into this categoiy. The suggestion that such laws 
' OrAtpmU dtf ilsB* 
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rtiay account for certain phenomena which are usually 
explained by the theories of Natural and Sexual Selection 
was made by Professor D' Arcy Thompson at the Oxford 
meeting of the British Association in 1894.' 

The conceptions briefly set forth under this head may 
be grouped as the Theory of Internal Causes. 

ill* The operation of Sexual Selection. Fritz Mtiller 
proposed this idea in a letter to Darwin, who wrote not 
unfavourably of it to Professor Meldola, on January 23, 
1872, 'You will also see in this letter a strange specula- 
tion, which I should not dare to publish, about the 
appreciation of certain colours being developed in those 
species which frequently behold other forms similarly 
ornamented. I do not feel at all sure that this view is 
as incredible as it may at first appear. Similar ideas 
have passed through my mind when considering the dull 
colours of all the organisms which inhabit dulPcoloured 
regions, such a% Phbigonia and the Galapagos Is.' * 

In the present paper the attempt will be made to show 
that many of the knowm facts of Mimetic Resemblance 
do not admit of interpretation by any of the three theories 
mentlBried above, while they do receive a ready explana- 
tion on the supposition that the resemblances are useful 
and have been produced by Natural Selection. Certain 
new observations upon the details of the resemblances in 
a large group of insects, undertaken specially to test these 
rival theories, will be found to point strongly in the same 
direction.® 


3. The Relation of the Resemblances under Discussion to 
other Resemblances in Organic Nature, 

To those who accept Natural Selection as the explana- 
tion of Mimicry, the facts under discussion fall into their 
place as part of the much wider group of Protective 


- * Only the title— On somi Dt/icuUm 0/ Danvtmm—\A printed in tht 
Etmrt of the meeting, p. 689. 

■ CharUs Darwin and iht Theory of Natural Selection. Poulton, London, 

^96, p. 303 . 

• Sw Section i3, p. 361, 

rtfHroN Q 
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Resemblances in general Mimicry becomes, as A. R. 
Wallace expresses it, merely *an exceptional form of 
protective resemblance'.* The following classiftcation 
was suggested by the present writer, with the assistance 
of Mr Arthur Sidgwick, in 1890:* — 


I. Apatftu coi^ttrs. — Colours re- 
sembling some part of ihe environ- 
ment or the appeifincc of another 
species. 

II. Smahe 

lours — Warning 
and Signalling 
Colours. 

III. i>i- 
gamu c^hun. 
— Coloun 
(lispla/ed in 
courtsiup 1 

A Crjpiu [ B 

hmn, — Protec- ■ itmatu t occurs . — 
uvt and Aggre^- , Fal^e Warning 
sive Resem- ami Nignalling 

1 blances. Colours. 


t 1 Prih ryfiu \ PuuiiAf<'\(- 

4 doun — Pro- matt, t dcuti -- 

tcctivc Re»>ein- Proiecljve Muni- 
blanccs, cr\ 

1 . Ap- If mat), 
i'o/ours - -Warn* 
mg ( oIouf> 


t AniuryptiK z PtctiJf^tu- 

fdiurt Ag- matu 

grtMuv-c Rcicm* \ggTc*-*nc Mimi- 
blances. try and .Mlunng 

( obralson 

: Apftrmafti 

ii^U^un — Rccog 
ntuon Markings. 



Thus the facts of Mimicr)' fit into a broad system 
which includes many other resemblances in organic 
nature. The relation between Protective Rcsembwncr 
(I. A. i) and Protective Mimicry' ( 1 . li 1) is as follows 
In the former an animal resembles jiome object which is 
of no interest to its enemy, and in doinjj so is concealed . 
in the latter an animal resembles an object which is well 
known and avoided by its enemy, and in doing so becomes 
conspicuous. Thus Mimicry as interpreted by H, W. 
Bates finds its place in L B. i, while resemblance 
between protect^ conspicuous forms (scineiimes, but, as 
I think, erroneously, c^led Mimicry), as interpreted by 
Fritz Muller.* falls into 11 . 1. Such cases only differ 

' Ihnmum, London, p 

’ Tkt ^ Ammait, miamL Sd. Ser.^ London, 1S90, p. 3jS* 

* Mi/ 1879. p. too, trsnslifsd bt Mtidoki in Prm, Xni S$t^ 

i»79. P II- 
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from ordinary Warning Colours in that they are 
common to two or more species: hence, as has been 
already pointed out, the term Synaposematic Colours, or 
Common Warning Colours, may be conveniently applied 
to them. 

The arguments in favour of Natural Selection as the 
explanation of Protective Resemblance run entirely 
parallel with those which favour it as the interpretation 
of Mimetic Resemblance and Common Warning Colours. 
By modifying the examples and, in some cases, the form 
of the argument, nearly every section of this paper might 
be converted into a defence of the former, and the argu- 
ments which are strongest in support of the one are the 
strongest in support of the other, viz those contained in 
Sections 4, 5, 6, 7, r r, and 12 

Under the theory of Natural Selection all the resem- 
blances among animals, mimetic and other, show the 
clearest relationship, and (with the exception of the 
debated Epigamic Colours) are to be explained by the 
wwking of a common principle, viz , the selection of 
variations which are useful in the struggle for existence. 
Undor jhe other theories mentioned above no awch 
grouping can be readily brought about, and Mimetic 
Resemblance becomes due to one set of principles and 
the other resemblances to another set. The majority of 
those who look on Mimicry as due to lixtemal or to 
Internal Causes, or to Sexual Selection, would probably 
agree in explaining Protective Resemblance by Natural 
Election. And yet these latter cases, while far more 
common, are often as detailed and as remarkable as those 
of Mimicry. Those who adopt the most extreme form 
of the theory of External Causes might perhaps maintain 
that the resemblance to twigs, leaves, and bark is to be 
explained in the same manner, and would thus bring 
Protective and Mimetic Resemblance under the operation 
of the same set of forces ; but few will be prepared to 
carry the theory so far. Under the theory of Internal 
Causes it is impossible to bring the two kinds 
resemblance together ; for while it is held by some that 
two or more animals may independently and without 

Q2 
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selection arrive at corresponding points in their evolu- 
tionary history, which are such as to involve Mimetic 
Resemblance, no one could believe that the similarity to 
bark or earth has been produced in the same manner. 
Those who are inclined to accept Sexual Selection as the 
explanation can only bring the two classes of facts together 
by supposing that the appearance of some minute portion 
of the total vegetable or mineral environment has acted 
as a stimulus and has led one sex to select the other 
according as it resembled the object in question ; just as 
Fritz Muller suggested in his letter to Darwin ’ that 
mimicry might be due to Sexual Selection stimulated by 
the appearance of another species. Probably no one is 
prepaid to adopt this view as rt'gards the former class 
of facts, although Darrin had, as he states in his letter 
to Meldola *, considered the |)ossibility of the general tints 
of the environment influencing the trend of Sexual 
Selection in this way. 

A fatal objection to any explanation based on the theory 
of Sexual Selection is the fact that Protective Resem- 
blances are so extremely common and |)crfcct in the 
immature stages of insects. I'hc same objectioji, holds, 
although with less force, against its use as an explanation 
of Mimetic Resemblance. 

The conclusion appears inevitable that under no theory 
except Natural Selection do the various resemblances of 
animals to their organic and inorganic environments fall 
together into a natural arrangement and receive a common 
explanation. On any theory except Natural Selection 
this can only be brought about by the adoption of extreme 
views as to the area over which the aliemativc thcor) 
is to be applied — views which, at any rate, the great 
majority of those w ho are disposed thus to explain Mimetic 
Resemblance arc not prepared to adopt.^ 


' Sft p. is8 


* Scr p. 
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4. Mimetic Resent blmue and Common Warning Colours 
between different A r thread Classes and between various 
Insect Or^s, and their Relation to Similar Resembla^ices 
within the Limits of a Single Order, 

The various criticisms of Natural Selection as the 
motive cause of Mimicry have been based almost ex- 
clusively upon the phenomena presented by Mimetic 
Resemblance and Common Warning Colours among the 
species of a single Order of insects (Lepidoptera), and 
generally the species of one Family {Nymphalidae), and 
one Sub-Family {Pierinae) I cannot but think that this 
limitation of the survey to one small part of the field over 
which the resemblances commonly occur is, in large part, 
the cause of the rejection of Natural Selection and the 
substitution of alternative suggestions. There is some- ’ 
thing attractive and plausible in the idea that the strong 
mutual resemblances within a gTOup of butterflies of 
diflferent genera and Sub-Families, inhabiting a single 
locality, are due to the direct action of peculiar loi^l 
physical or chemical influences; but the suggestion loses 
all it4.a^tractiveness when it is applied to the resemblance 
between a spider and an ant, or a moth and a wasp. 
And yet few could bring themselves to believe that the 
resemblances which are here contrasted have been built 
up by two entirely different sets of forces. 

The majority of naturalists will probably agree with 
this argumertt, and, realizing that the theories of External 
Causes and of Internal Causes are useless to explain the 
mimetic likeness between a wasp and an insect of a 
different Order, will reject these theories as unnecessary 
to explain the resemblance between one butterfly and 
another. But an attempt may be made, in fact has 
been made, to discriminate between the relative powers 
of the Batesian and Mullerian Theories 'respectively in 
these two spheres of Mimetic Resemblance— that which 
includes forms of remote affinity and that which includes 
those more nearly akin. It has been supposed that tte 
Mullerian Theory does not explain Mimetic Resemblanc^ 
between remote forms, however adequate it may be for 
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those between forms closely allied. To the former 
examples of Mimicry it has hten contended that the 
Batesian Theory alone applies. It may be urged on the 
contrary that the resemblances between remote forms 
have not been as yet sufficiently examined from the 
Mullerian standpoint ; and that tncre are, nevertheless, 
and have been for many years, the strongest indications 
that here also much of the ground formerly believed to 
be covered by the older theory will l)c found to be 
occupied by the newer. 

The Mullerian Theory by no means demands that the 
methods of defence in the members of a convergent group 
should be uniform. 

So long ago as 18S7 ' the present uriter tal)ulated the 
colours and markings of all insects which up to that time 
had been cxperimentall) proved to be specially defended, 
and was enabled to appi) to the whole group of con* 
spicuous s[3ecies which had liecn tested the explanation 
offered by Frit/ Muller.^ This general conclusion will Ik! 
found to l)e supported by many facts and considerations 
in the paper referred to. 

A good cXiimplc is to l>e found in the resen\JJancc 
which the black*and yellow-ringed unpalatable larva of 
EmhiUa jacobam^^ (the Cinnal>ar Moth) Ixears to a wasp 
It is in this case ‘more than probable (as has been 
previously suggested by other ol>scr\'crs) that the species 
rendered conspicuous l)y alternate rings of black and 
yellow gain great advantages from the justly resfiected 
appearance of Hornets and Wasps. It must not l>e 
forgotten, however, that the latter forms also probably 
gain to some extent by the greater publicity whicn follows 
from the resemblance.^^ 

The attention of those who dwell on the excessive 
amount of assumption in the theories of Mimicry may be 
invited to the numerous tables in the paper quoted above. 
In these will be found recorded the whole of the results 

' Prac, ZW. /W., ISS;, pjx 191-174, Tk 4 Exptrimml^l 
th$ Pro^im Valw q/ VnUnr in fnmh m r^rrtm t 

h Ihnr Vtrkhrak Ewma, 

* It. p. aij, • I.C. pp. 
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of actual experiments made, up to 1887, upon the palata- 
bility and unpalatabilityof conspicuous and inconspicuous 
insects. It maybe safely asserted that the theories in 
question are not nearly so devoid of support from the 
results of experiment and observation as has been 
represented. 

Since 1887 further evidence has been forthcoming in 
support of the Mullerian explanation , for it has been 
shown in many cases that insects which resemble specially 
defended members of another Order, themselves belong 
to a specially defended group within their own Order. 
Thus Haase ^ points out that the South-Amencan moths 
which resemble ‘immune' Coleoptera -the Lycinae, 

‘ belong to the immune families of the Glaucopidae 
{^Mimica, Lyconiorpha) and Arctitdae {Pionid)] and also 
that the Soiith-American Glaucopidae furnish numerous 
cases of resemblance to Aculeate Hymenoptera.- 

In the year 1897 Dr. L. O. Howard, of Washington, 
kindly presented to the Hope Department, Oxford 
University Museum, a pair of specimens which prove 
that the specially protected moth Lycouwi plia latcrcuia 
(Edw.) occurs in the same locality and at the same time 
of the J^ear as the protected beetle Lyyi slop terns rubre- 
peiuiis (Lee.), which it closely resembles, the former 
having been captured on June 18, the latter on June 5, 
1897, in the Chiricahua Mountains, Arizona, by H. G. 
Hubbard. 

Furthermore, the resemblance between the species 
of the two great sections of the Order Lepidoptera — 
the Rhopalocera and Heterocera -is frequently of the 
Mullerian rather than the Batesian kind. Thus Sir 
George Hampson has pointed out that the moth Abraxas 
etndoides, resembling the butterfly Teracolus elnda, belongs 
to a specially protected genus, and that similarly three 
genera of the Chalcosid group of Zyj^aenidae, which are said 
to resemble Danaine and Papilionine butterflies, are also 

' Rtuarcha on Mtmcryy part ii, Stuttgart, 1896, English translation 
by C. M. Child, p 7a 

* 1 . c. p. 73. In a note to the same page Haase adduces some liUfe 
direct evidence for the inedibility of a Glaucopid moth. 
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extremely distasteful to insect-eating animals.’ Similarly, 
Mr. Roland Trimen. F.R.S., in his Presidential Address to 
the Entomological Society.* points out that the ' abundant 
and extremely conspicuous slow-flying diurnal Lithosiid 
[Geometrid] moth, A /ids helciia \ together with its 'appa- 
rently protected analogues . . . the closely similar Lithosiid 
[Hypsid] Phaagarista helcitoidis, and Agaristid Euse- 
mia /a/ieHstdnii\ show great similarity to the group 
which is headed hv Danats [Limfias) chrysippus — ‘ so that 
from the aspect of warning of distastefuincss to enemies 
the two sets may be re^rded as practically but one.' 
Similar facts will probably be found in numerous other 
examples of moths which resemble butterflies. 

It may be safely asserted that* even with our present 
limited knowledge, Mullerian Resemblance* no less than 
Batesian Mimicry, can be found in the species of groups 
with all degrees of afllnity, and that there is no ground 
for the contention that the latter theory alone denves 
support from the facts presented by the grou|>s which 
include species from diflTerent Orders. 

Under Natural Selection the interpretation of the 
whole series of facts is perfectly valid I’hc domjnani 
forms which in each locality move towards each other 
and towards which less dominant forms also move, are in 
some way specially defended. Fhc principles are the 
same when the approximation is l)etwcen the species of 
different Orders or Sul>-Orders, or l)etween those which 
are much more closely related. I he Mullerian Theory 
explains the resemblance of immense numbers of 
slinging insects to each other and of other specially 
defended forms to them, whether they be closely or 
distantly related : it also explains tlic resemblance of the 
dominant Hiluonimi and Itkomiinai in each locality in 
South and Central America and of other forms to them. 
Batesian Mimicry explains the cases in which the attracted 
forms are not specially defended 
The conclusion which emerges most clearly is the 
entire independence of soologica) affinity exhioited by 

* AWirrr, j 8^ Feb. 7. p, ^64. 

* I>efimed Jtn. t% 18^8 : £W. 1S97, p. Uxjcv, 
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these resemblances ; and one of the rare cases in which 
Darwin s insight into a biological problem did not lead 
him right was when he suggested that a former closer 
relationship may help us to a general understanding of 
the origin of mimicry.* The preservation of an original 
likeness due to affinity undoubtedly explains certain cases 
of Mimicry, but we cannot appeal to this principle in the 
most remarkable instances. Further confirmation of this 
independence of affinity will be found in the additional 
details supplied in the succeeding Section. 

When we look at the phenomena of Mimicry^ and 
Common Warning Colours as a whole, it is found that 
the theory of Natural Selection is equally applicable 
throughout; while the theories of External Causes and 
Internal Causes cannot be applied to some of the most 
striking resemblances, those of moths, beetles, and flies 
to the stinging Hymenoptera. The theory of Sexual 
Selection is less logically assailable on these grounds ; 
but with the other two suggested substitutes for Natural 
Selection, it entirely fails to account for the attractive 
force exercised by specially protected forms. Under any 
of tlif^se^ three theories it is a mere coincidence that the 
insects which are resembled by species of all kinds happen 
to possess stings — that the central types in the groups 
of butterflies belong to Sub-Families which are more 
abundant and even more unpalatable than the generality 
of their Order. It is, furthermore, a mere coincidence 
that such groups are formed round the Danainae and 
Acraeim£, wherever they occur in all Ou warmer regions 
of Uu world, and in tropical America also round the 
lihomtinae {Neotropime), which are closely related to the 
former, and the Heltcontnae, which are closely related to 
the latter. 

* See Darwin's letter to Meldola, dated Jan. 23, 1872 ; Poulton, Ckarkt 
Darwin and tfu Thiory of Natural Sdiction, London, 1896, pp. 201-a : also 
Charles Darwin, The Dtsceni of Man, &c , loth ed., London, 1874, p. 314. 
The passage mns as follows: — ^ As some writers have felt much difficult 
in understwding how the first step in the process of mimicry could bftfe 
been effected through natural selection, it may be well to remark that the 
process probably commenced long ago lictwecn forms not widely disiimilitr 
in colour.' See also Or^tn of Species^ 6th cd., p. 377 
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No theory except Natural Selection explains why the 
number of colours and patterns in the dominant groups 
of butterflies mentioned above are so few in relation to 
the number of species, as was pointed out by Professor 
Meldola, F,R.S., in his paper Mimicry Uiueen Butter- 
Jim oj Protected Genera,^ These colours and patterns 
have been recently studied very carefully, especially in 
the likomiiuae, by A. G. Mayer,* who shows that ‘ the 
200 species of Fapilio in South America display 36 
distinct colors, while the 450 species of Danaoid Hcli- 
conidac exhibit onl) 15. Hence the numbers 

of the sptcus and of the colors are almost in inverse ratio 
in the two groups. This may l>e explained by the fact, 
that the Danaoid Hcliconidae mimic one another, while 
the Papdios do not, I here is no lack of individual 
variability among the species of the Danaoid Heliconidae 
yet the sjiccics as a whole var) hut little from the two 

t hreat types of color[)atlcrn represented by Melmaca and 
thomia. In order to account for this remarkable fact 
I am forced to resort to Frit/ Muller's theor)’ of mimicr) .’ * 
Again, on (lage J25 .Mayer remarks ' It is difficult to 
account for the remarkable conservatism m resp<;ct to 
color-variations among the I ieIi(:onidac‘ [here used, as in 
Bates's original |xij)er, to include /)itnanui(\ /thomuHoe. 
and Hetuomnae\ unless we resort to the explanation 
afforded by the theory of mimicr) , for, while there is 
such remarkable simplicit) and uniformity of color 
[jattern throughout the whole group of the Heliconidae 
individual vat iatian are ver) common.' 

It is not from any [)redis|K)sition or bias in favour of 
Natural .Selection that these: conclusions are reached, but 
simply because this theory offers an explanation of so 
many remarkable facts which arc uUcrIy meaningless 
under any other theory yet brought forward 

‘ Attn, emi AW. Hut,, 5th icr., vol. x, Dec. i88j, p 417 
• Bulktm 9/ tie Mtu, 0/ Cmf, Ztnl. tU Harvard C0II, Keb, iSv7 
p. 167 

* l.c p. 129. 
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5. Resemblances even within tfu Limits of an Order a)e 
entirely indepetident of Affinity. 

The entire independence of affinity is specially well 
seen in the groups of convergent moths and butterflies 
which are found in different localities in South America. 
Althougli the resemblance is clear enough throughout all 
the members of a large group, it is far closer between 
certain species than others. When these are examined 
they arc found to be not more nearly related than other 
members of the group, but frequently the reverse. Thus 
It is very common for a species of Heluonins ' to resem- 
ble with the most remarkable precision a species of 
Melinaea or some other Ithomiine genus in its locality. 
Such resemblance is in these cases far closer than that of 
the former to the species of the other genus {Eneides) in 
its Sub-Tamily, and than that of the latter to any species 
of the numerous related Ithomiine genera. Thus, to 
illustrate this conclusion from some examples in the Ho|x: 
Collection, in Honduras by far the strongest resemblance 
is to be found betw een a Helicomus and a Melinaea ; and 
this Js ^also the case (both species being different) in 
Surinam, In I rinidad the resemblance is closest between 
a Helicomus ^\\(\ a Titfwrea, another Ithomiine 

Under the theory of Natural Selection this association 
is readily explicable. The pairs which thus form the 
centres of local groups are |>robably the dominant forms, 
relying more completel) than the other members upon 
the defence afforded by their warning colours and the 
associated unpalatability. As a matter of fact there is 
some evidence for their exceptional abundance as com- 
pared with the other members of their groups. Again, 
they are usually more nearly of the same size than the 
other members, so that the perfection of the resemblance 
in colour and pattern is aided by resemblance in another 
quality. 

The theory of External Causes entirely fails to account 

’ Although united by Bates in the Family Hthiomdaf^ the Htbeornme 
and the [thmnnae are Sub-Familiea lying at the very opposite ends of ^ 
great group of NyrophaJid butterflies. 
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for these facts. Uniform local conditions, if they can 
produce any effect at all, must be expected to produce 
the closest likeness where there is the closest constitii- 
tional similarity — in other words, in the more nearly 
related forms, in preference to the less nearly related, in 
each locality, with the theory of Internal Causes wc 
should also expect the facts to be the reverse of those 
which exist. At the best it is unable to account for the 
observed phenomena. 

Any theory of Selection (Natural, Artificial, or Sexual) 
affords a logical explanation of the facts, in the sense that 
it is quite conceivable that the observed results might lx.* 
thus obtained. Hence the objection to Sexual Selection 
as a suggested cause is not as strmig as the objection 
to the other causes which ha\e l^een brought forward. 
Nevertheless, I believe that very few will lx? found to 
support the hy|K>thcsis that Sexual Selection sup[)Iies the 
interjiretation we are seeking. 

7'hc conclusions here arrived at b) a consideration 
of the facts presented by the Lepidoptcra are entirely 
confirmed by those already known in the Coleoptera 
although as )ct but little attention has In’en [>aid to the 
latter Order in this resf>eci. C j, (lahan. in an interest 
ing pa{)er,' clearly shows that the Ph)toi)hagous genus 
Duihrotica is in the same {K>sition as the large protected 
groufis of butterflies already mentioned {DaHinmu, Itko 
Hehii^punn^, The individuals of its 

s|>ecies swarm in the IcKalilies wherr* they (Kcur; ilu \ 
are conspicuously coloured, and many of them arc known 
to feign death when captured and to discharge a )cllow 
fluid from various |>iirts. The facts at present iiscertaincd 
justify the conclusion that these Coleoptera form centres 
of Mullerian Resemblance, in that ' so^pc of the species 
belonging to one section in this genus arc, in colour and 
marking, extremely like certain species of the other section 
which come from the same localities’.* Mr. Jacoby has 
also ‘ recorded that many of the species of his genus Nco^ 
broiua exhibit most striking resemblances to species of the 

' Tram, Lmi,^ pp 367-74. 

• U p J7J. 
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closely-related genus Diabroiica * ( 1 . c. p. 370). The latter 
species are also mimicked by those of the allied genus 
Dircema. Mr. Gahan shows, furthermore, that eighteen 
^ecies of the genus Lenta, belonging to a different Sub- 
Family, closely resemble the species of DiabroHca (in 
one case the allied genus Cerotoma) found in the same 
localities in tropical America. In three cases species 
of Neobrotica, and in one a species of Dircenm, fall into 
the groups thus formed. 

Mr. Gahan is disposed to regard the resemblance of 
the species of Lema, together with that of the Longicom, 
Oxylyttinia gibbicollis, for a species of Diabroiica, as an 
example of Batesian Mimicry. Future observation and 
experiment must decide upon this as upon so many other 
cases concerning which we are uncertain whether to adopt 
the Batesian or the Mullerian interpretation. The ten- 
dency of recent observation, however, strongly favours 
the opinion that the latter theory will explain a much 
larger number of resemblances than the former. 

But whichever interpretation be ultimately adopted, 
the fact remains the same — that the resemblances in the 
Coleopt^ra are of the same character as those in the 
Lepidoptera, and are, like the latter, independent of 
affinity. They are readily to be explained by the opera- 
tion of a theory of selection, but present the same 
difficulties as those presented by the Lepidoptera to an 
interpretation by any other theory as yet brought forward. 

6. The Resemblances in question are not accotnpanied by 
any changes in the direction of the Mimicked Species 
except such as assist in the production or strengthening 
of a Superficial Likeness. 

This argument is fatal to any theory as yet advanced 
except one based upon the principle of selection directed 
to a definite end, viz. the production of resemblance. It 
is impossible to explain why external forces or interm! 
forces should thus act upon a certain set of characters 
whose only relationship is that they tend to produce 
a superficial likeness to another species — that they should 
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act upon these alone to the exclusion of all other sets. 
No assistance can be obtained from the conclusion that 
the results are recent and therefore superficial, and that 
a resemblance in deeper characters will follow in time. 
In the first place, the examples of more perfect (and pre- 
sumably older) resemblance show no more tendency 
towards approximation in characters which do not help 
to produce likeness, than the examples in which the 
resemblance is comparatively rude (and presumably 
recent in origin) In the second place, deep-seated parts 
of the organism tirr aftected when the superficial resem- 
blance is thereby increaseil, but not otherwise. To take 
a single example, the common Hriiish Longicorn. Ciyia^ 
at Hits, strongly suggests the apj>earance of a wasp, partly 
because of its black and yellow banding, but even more 
because of its alert and waspdike movements, d'his 
implies, of course, appr(>[>riate changes in its nervous ani! 
muscjlar s\ steins Although Clytm nnetis is .a rough 
and imfierfect example of ^Ilmicr\^ the resemlilance, such 
as it is, chiefiy de|)ends ujxin deep-seated siructure.s 
VVe are, in fact, led to infer in C7yiu^ and in an immense 
numl>er of other mimics that the deejj-seated mcKldicalions 
were the origin of the resemblance, and that the sujx‘rficial 
modifications of ailour, ike , followed later. 

The subject is, perhaps, of sufficient interest to warrant 
the production of another examfile, in which the changes 
in deep-seated siaictures are of more im|x>rtance than 
anything else in determining the* resemblance. 1 know 
of no more striking instance than the movements and 
altitudes of the young (Ivepidopterous) larvae of Endto 
mis virsUolor, the ' Kentish Glory ' moth, rendering them 
extremely like the larvae of saw-flies (Ph>topnagous 
Hymenoptcra). Numerous experimcnti have convinced 
me that the latter are almost invariably distasteful. 
During the early su^ of their growth the moth larvae 
' arrange themselves in small groups upon the leaves and 
leaf-swks (A the birch, and when disturbed they raise the 
anterior part, bending the head over the dorsal surface 
of the po^rior part of the body. In this attitude they 
strongly remind the obscr\w of those Tenthredo larvae 
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which, when irritated, bend the tail forwards over the 
anterior part of the body. The fact that the head is 
raised in the one, and the tail in the other, does not cause 
any conspicuous difference when the larvae are seen from 
a little distance. The common Tenthredo larva, Croesus 
septentrionalis, is about the same size as these small 
Lepidopterous larvae, feeds in similar small groups when 
large (when small the groups contain far more individuals), 
and also frequents the birch.'* Furthermore, the con- 
spicuous orange-coloured true legs of the caterpillar 
suggest the appearance of the orange ventral glands 
of the Croesus, which are everted when the larva is irri- 
tated. In my experience, however, the Croesus feeds 
much later in the year. 

Thus the sources of the resemblances we are discussing 
may be deep-seated or may be superficial the likeness is 
liowevcr generally due to several kinds of causes in each 
category. It is m the latter extremely complex cases, 
and these are far the commonest, that the argument for 
Natural Selection becomes irresistible. This will be more 
thoroughly dealt with in the succeeding Section ; but 
everuin^the case of the simplest element in the resem- 
blance, viz. the similarity in colour and pattern taken 
alone, the theories of External and Internal Causes are 
unable to offer an adequate explanation of certain facts 
which are clearly explicable by Natural Selection. 

In the males of the South-American Pierine group 
Dismorphina, the long-and-narrow-wmged appearance of 
an Ithomiine butterfly is largely produced by the exces- 
sive overlap of the upper upon the under wings. This 
results in the concealment of a large part of the upper side 
of the under and of the under side of the upper wing ; 
and it will be found that the mimetic patterns are with- 
held from these hidden surfaces, which often retain some 
distinct trace of the old Pierine character, viz. an opaque 

* Poulion, in Proc, Ent Soc., Lond , 1891. p, xv W. Holland also 
noted the same resemblance in the Eniomlogtsf s Record for Oct 15, 
1891 (sec vol. ii, p, 228). His manuscript notes, made at the time and 
kindly lent to me, prove that he also observed the saw-fly-birva-tilEe 
movements which follow disturbance. 
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white appearance* This fact holds true even for such 
a specialized and perfect mimic as Dismorphina orist, 

F. D. Godman, r.R*S.» and O. Salvin, F.R.S.,^ speak of 
these hidden chalky patches, surrounded by a silky area 
covered bypeculiarscales.asacharacterof the Dismorphina. 
The interpretation of the patch as a sexual brand, perhaps 
with the nature of a scent-producing organ, does not in 
any way disprove die suggestion here adopted — that the 
white pigment in the scales is a survival from an ancestral 
condition still found over the greater ()art of the wing- 
surface in so many non-mimetic Pu'^tuae, as well as in the 
males of many mimetic sj>ecies (c. g. in the genus ^^yh}• 
(krts). It should be noted, however, that the patch is not 
white in all species of the Dismorphina, Mr. licit * stales 
that the white patch is usually concealed by the males, 
as indeed may be inferred from the cliangc in character 
of the surface, which indicates the normal amount of 
overlap of the foret upon the hind wing. The same 
author, l>clieving that the white [latch is ancestral and 
has Ixren rctalneil by the o[>eralion of Sexual Selection, 
makes the daring suggestion that it may be ‘ an attraction 
in courtship, to exhibit to the females, and thus gratif) 
a dec{>-scated preference for the normal colour of ihf 
order to which the Leptalides [1 )ismorj)hina] Ixrlong ’. 

The rigid restriction of mimetic effects to those parts 
of the surface which can be seen tells very strong!) 
against any theory which is not based on die principle 
Selection. 

7. Essential S' atun of these Resanblames (har A nelly'll 
into the set>eral 0/ EJfeit prodmed. 

The resemblances under discussion arc made up of 
elements of very different kinds combined in single 
individuals ; but the essentially compotitl nature of thf* 
effect easily yields to anal)iiis. Some of these complex 
combinations only rcouirc to be stated in order to show 
the inadequacy of trie theory which is most usually 

* In th€ CmtralhAmmsiuHi (Rlioptiocert, voJ. ii, p* 173)* 

• NatMrahst in Nuaragmif fod ed, Lofidoo, iSSS, pp. 384, 3 ® 6 ' 



COMPOSITE NATURE OF MIMICRY 241 

substituted for Natural Selection, viz. the theory of 
External Causes. 

A mimetic appearance is commonly made up of (i) 
colour, including {a) structural as well as {S) pigment 
colours; (2) pattern, (3) form, (4) attitude; (5) move- 
ment. 

It may be plausible to hold that difect local influences 
determine colour, but the case becomes much more diffi- 
cult when structural tints are included, as they frequently 
are. Thus it might well be held that the dark pigment 
of a female Hypolimnas and of the Enploea which it 
resembles are alike the direct efiect of the locality they 
both inhabit. But the most convinced advocate of direct 
local causes would probably hesitate to explain, by the 
operation of the same forces, the structurally caused blue 
sheen which overspreads the dark pigment in some of 
these mimetic pairs. Similarly with pattern, it is much 
more difficult to understand the appropriate arrangement 
of the colours by direct forces than the production of the 
tints themselves, still more difficult to understand how 
such forces could modify sha|X‘, and, again, more difficult 
to sec hpw they could mould the nervous and muscular 
systems so as to produce appropriate attitudes and move- 
ments. Most difficult of all to understand, except on a 
theory of Selection, how the several elements m the 
complex set of changes could be kept in their proper 
relationship and guided to a definite end, viz. the pro- 
duction of a superficial resemblance to another species. 

The objection to the theory of Internal Causes is not 
that it is inadequate to produce each of the effects, but 
that it is in the highest degree improbable that so com- 
plete and harmonious an effect could be frequently 
produced accidentally by the combination of such diverse 
elements. 

It is useless to maintain that these resemblances are 
the uniform result of uniform forces peculiar to the 
locality; for investigation proves that the results are 
very far from uniform. They appear at almost any point 
in the structure of the body, superficial or deep-seated, 
generally at many i>oints in a single individual both 

R 
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superficial and deep-seated, and the only common bond 
which can be established between the various elements 
which make up the common effect is that they all co- 
operate in producing superficial resemblance to some 
other species. 

It is here sho\^ that the changes wrought in a single 
species are far froU uniform. It will be ^lown hter on 
(see Sections 1 1 and 1 3 , pages 250 and 261) that there is 
frequently no uniformity in the methods made use of by 
mimic and model, nor any uniformity between the various 
mimics of the same model, nor between the different 
members of a syna[x)sematic groiij). These, loo, often 
have only one thing in common, and that inexplicable 
except on a theory' of Selection, vi/ the subordination of 
all these divergent methods to a single end — the attain- 
ment of a sufierficial resemblance 

The arguments in this and the preceding Section aro 
equally [Kjwcrful in sup|K)rt of the interpretation of 
Protective Resemblances as due to Natural Selection, 
Again, Mimetic Resemblances are comparaiiv'ely rnrelv 
seen in more than one stage of insect life, and are, m lii* 
great majority of rases, restricted to the final ^agr In 
ail such sjKTcics the total ap|>carancc presentetl by tin 
final stage, including mimetic resemblance, is pre[wire<! 
for in the earlier stages, esjiccially the larv^al. Not onl\ 
are the changes m question confined, as has Ix’en alre.uh 
[X)intcd out in this Section, to the |>arLs. tissues, and 
organs which influence the sujierficial ap[)carance, Ini' 
they arc also generally confined to the final stage ( 1 
insect life. During lanal life the foods peculiar to tin 
locality are devoured and iJic material for the mimetn 
stage is stored uj). The larval and puj^al stages 
together, in the great majority of case^ far longer than 
the imaginal sugc, and are no less, and, as regards f(H>d, 
far more, subject to the direct action of the forces peculi ‘r 
to the locality'. On what theory except Natural Selection 
is it possible to explain the rigid limitation of these changes, 
in so large 1 proportion of cases, to the final stage, and 
their entire exclusion from the Btiges during which they 
arc, in the history of the individuaC [ifcdetcrmincd ? 
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8. Conditions of a Species in any locality are chiefly 
detennined by its Habits and Life^history, 

In the last Section it was shown that there is no uni- 
formity in the effects produced in any locality. In this 
Section it will be made clear that th^ is no uniformity 
in the forces which, by their uniforml^^, are supposed to 
produce the effects. When we are told that common 
food, common climate, &c., produce a common effect, we 
have the means for proof or disproof in, at any rate, some 
striking examples . for we know the food and conditions 
of certain species which exhibit mimetic or common warn- 
ing associations. There are many examples of Longicorn 
beetles mimicking Lycidac (Malacoderm beetles) in the 
same locality; but during the earlier stages, in which the 
appearance of the final stage is determined, the former 
lives in a burrow, feeding upon wood or the tissue of 
plant-stems, and sheltered from many of the climatic 
influences and changes, while the other lives in the open, 
freely exposed to them all, and sustained by an exclusively 
carnivorous diet. I owe this suggestive comparison and 
the Section which arose out of it to a conversation witli 
Mr. C. J. Gahan. of the British Museum. Similarly m 
the case of South-American moths belonging to the 
Castniidae, which resemble Ithomime butterflies (see 
Section 12, page 261), the larvae of the former burrow m 
plants, while the latter are freely exposed on the leaves 
which form their food. 

It is hardly necessary^ to insist on the imjxirtance of the 
larval stages in this respect. When the imago emerges 
from the pupa and its expanded wings have dried, it has 
assumed its j)ermanent apj^earance, and nothing that it 
will eat or endure henceforward, produces any further 
effect upon its colours or patterns, &c. Hence identity 
of food and conditions during, the final stage cannot be 
of any assistance in the interpretation of Mimicry, It is 
necessary to point this out clearly, inasmuch as Beddard 
has said, speaking of the resemblance between EristaUs, 
the drone-fly, and the hive-bee, ‘ It is an interesting fact, 
in connection with the resemblance between this fly and 

R 3 
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a hive*bec, that it feeds upon pollen and honey. This 
fact may have some significance in relation to the effects 
of food upon form and coloration.’ ' But the larva of 
Erisia/is stores up nutriment, out of which the final form 
is built, by feeding on putrefying animal matter, a food 
as different as |X)^iblc from that provided for the larval 
bee. The peculiar conditions under which the larvae of 
stinging Hymenoptera obtain their food invariably con- 
trast strongly with the larval condition of their numerous 
mimics. We find in this Section, as m the others, that 
the suggested inierj^retatjon of these n semblanccs as the 
common effect of a common cause or set of causes break 
down the moment it is anaKsed 'I hc \ tew is a sui>er 
ficial one. and cannot l>e sustaineni when the slightest 
attempt is made to understand the nature of the [ihruu^ 
mena it profcss<‘s to ev[)lain 

9, Mtftutu /\t’Umh/nuu CtftNmon ( olouf 

more ihat aitet istu of the Female than the Male \e\ 

I hese rrsernblanccs arc* far commoner m fi-males ihac 
males, and when the two sr\(s (finer in the closeness with 
which a likeness ic» some other form is brough'i al>otii, it 
IS the female which alwa)s attains the greater [KTfettioii 
Exiimplcs of mimetic females with non-niimeiic mafi ^ 
are extreme!) abundant, firing in fact a high pro|>ortioi 
of ail the caMs which occur, examples of the conver^i 
relationship are very nearl) unknown These* gcnrnl 
slatcmcnt.s hold with Common Warning C olours .is well 
as vmh truly mimetic sj>rcifs . the) are equally true n 
all the warmer prts of the w(»rld where examjilrs of 
Mimicr) are well known and abundant. 

In the numberless cases in which a non mimetic m il<" 
ts accompanied by a miinelic female* the male bear> 
the ancestral appearam e, so that when we ps-s to a i.ui l 
where both sc.xes of the rcprcsenlative si>ccics arc imn 
mimetic, iotJli resemble the non*mimctic male of the fonner 
species. In a long series of related sjjccies, morro\( t 
the males arc found to be nouly alike, while the females 

' Antmii London, 1I9I1 p n 
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iivcrge in all directions after the species which serve 
hem for models. Furthermore, the females, by rever- 
ion, are in rare instances brought back tow^ards the 
incestral type represented by the males. 

It is hardly necessary to point to examples, for these 
general principles will probably be at once conceded b} 
iny who have made a study of the subject. I may, 
lowever, allude to the non-mimetic Papilio fn^iotus of 
Madagascar and the related forms with similar males but 
ividely different mimetic females on various parts of the 
mainland of Africa , to the general resemblance between 
the males of so many forms of I [ypolintnas of the boliva 
C(roup to each other and to those of 11. viisippus, 8 lc. , 
to the varying degrees of re\ersion towards the appear- 
ance of the male j)resented by occasional females of 
Hypolunnas bolina. 

These relationships are the reverse of those which 
usually obtain. Outside the category of Mimetic Resem- 
blances It is the rule, when an) difference between the 
sexes exists, for the female to show' us the ancestral type, 
the male the more modern development; and the male 
m growtli from youth to maturity generally passes through 
the condition permanently retained by the female. 

No probable interpretation of the unusual relationship 
has been offered b) any theor) except Natural Selection. 
I'he theory of External Causes demands the improbable 
hypothesis, for which no evidence can be found, that the 
female of certain mimetic species (but not of others) is 
constitutionally more read) to respond to the direct action 
f)f external forces than the male, and that the difference 
is commonly great enough for the female to have given 
a complete and detailed response, when ihe male, subject 
to the same direct forces, does not exhibit th(‘ faintest 
trace of the operation of an) such influence 

The facts are equally inexplicable by the theory of 
Internal Causes — and not inexplicable only, but the 
reverse of what we should expect , for, as I have already 
stated, it is the female which, outside these resemblances, 
tends to retain the ancestral form. 

The theory of Sexual Selection also fails to account 
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for the facts. If it were valid, the selection would be 
exerted by the male, for these recent developments arc 
specially characteristic of the other sex. In other cases 
in which male rather than female selection is supposed to 
have acted in the production of colour or patterns in 
butterflies, there is some direct evidence derived from the 
observation of courtship ; but here no such support is 
forthcoming. 

Under the theor> of Natural Selection the facts at 
once receive an explanation. WalLice siigji^ested long ago 
that the slower flight of the females when laden with 
eggs, and their exposure to attack while in the act ol 
depositing their eggs upon leaves, render it csjjecialK 
advantageous for them to ha\e some adtlitional pr(» 
tcction’J In animals which are hidden by IVolecti\f 
Resemblance, similar causes explain why the female is s.‘ 
often better concealed than the male. In birds ilv 
dangers of inculcation balance the (Lingers of egg-la) nn 
in insects Rut Protective Resemblances are less s|>c'cia! 
than cases of Mirnicr) in the sense that the models (icaik 
twigs, leaves. &c ) are mor»‘ general!) alike throughout 
all countries, and less rapidly change their di*;trikuli<M 
than the mtxicis of Mimicry and the dominant isjx's •>( 
Common Warning Colours 'I hese and other reason 
such as the great numl>er and wid<’ groj,;raphicaI rang' 
of species belonging to the s.ime genus and adojilin 
a single meihmi of concealment, comfxd the l>ehef th o 
examples of Prnt<‘ctive Resemblance are extremely aii 
cieni in the txast history of the sjiecirs as com}>arcd wuh 
examples of Mimicry, so that we can well understand 
hott’ it is that in the iomier. when the female differs it i 
ancestral as comjxired with its male, while in the latun 
the conveme reUttonslnp obtains, and the apfiearatn^ 
presented by the male is comparatively ancestral 
The main conclusion which emerges is that the adv.in 
tageous is the thing that is attained. If an ancestral 
appearance it advantageous it is retained, especiall) m 
the sex that needs it most; if a new appearance 


Trm, ImM Spf., vol. xiv, tSW, p. tr 
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advantageous it is attained, especially by the sex that 
leeds it most. The female sex becomes conservative or 
)rogressive according to the needs of the species, and 
Matural Selection is limited by no bounds of constitutional 
difference between the sexes as regards the preservation 
af the old or the initiation of the new. 

I o. The Space ayid Time Relatiojiships of the Resemblance 
in Question, 

A mimetic group is found in the same locality, or at 
least the mimic (Batesian) is not found beyond the range 
of its model. The types of Common VVarning Colours 
are remarkably local, although probably certain members 
of the group (being ex hypothesi all specially protected) 
may sometimes have a wider range than others. When 
such a mimic as Hypolimnas misippus can invade and 
thrive in South America and the Antilles in the absence 
of its model {Limnas chrysippus), we probably have to do 
with a Milllerian rather than a Batesian association.’ 

Looking at the examples broadly, the phenomena are 
characteristically local. This, although harmonizing with 
the ethor suggested explanations, is quite unintelligible 
if the theory of Internal Causes be adopted. Why should 
these results if attained independently in the evolution of 
various forms be attained in the same locality? The 
number of patterns and the number of forms is so vast 
that we must expect a certain amount of accidental 
resemblance due to internal causes, as has been suggested 
by Beddard,’’ but such resemblances will differ from those 
under discussion in this among other things — that they 
will not be characteristically local. The theory of Internal 
Causes offers us a valid interpretation of such cases, which 
are, as a rule, readily distinguishable in other ways from 
those which are here considered. 

There is another aspect of locality which only receives 

^ See also a paper by the present writer on Mmury tn BuiUrJlits 
tht Genus Hypolimnas in Proc Amer, Assoc, for Adv of Sci.^ DtiriU 
Meeting, 1897, vol. xlvi, p. 242, v^here other arguments in support of thin 
conclusion are urged 

• Animal Colorafton, London, 1892, p. 252. 



248 THEORIES OF MIMICRY 

an explanation on the theory of Natural Selection. Why 
should examples of Mimicry and Common Warning 
Colours be so much more abundant and perfect in one 
country than another ? The physico-chemical influences, 
the effects of luxuriant vegetation, as Wallace has pointed 
out, arc very similar in tropical Soutli America, Slalaya, 
and West Africa, and yet the first-named country is 
pre-eminent in afforclii^ e\amples of the resemblances 
under consideration This is not onl) true of likenesses 
within the Order of Lepnloptf-ra, it appears to be e<iuall) 
true within the Coleoptera , it is true of the rrsemblancrs 
of moths to wasps. It is even more marked in Mtilleruu 
Resemblance l>eiwcen protected forms than m the 
examples ()f Hatesian Mimicry. If the dnect action ol 
forces connected with localit) tann<n explain tin* immense 
predominance of tropical South America in this resjx rt 
we arc driven to in<)uire whether iusc'ct life is esiK‘ciall\ 
liixunant and remarkable m this jxirl of the world, aiul 
whether it is not probable that the struggle for eMstcnc<- 
is cspeciall) keen *1 here is no doubt about the answfu 
to tficse questions the varic-t). {x’culiarii), and abundant 
of insect life is far greater than in an) otlirr [iiirl of ihf‘ 
world, and it is a fair inference that the condifions ar( 
in an equall) marked dfgr<*<* favourable for rapid aiui 
complete modihcaiions under the operation of Xaiura! 
Selection, 

We have not as yet suffictrnl evidence that rnimeti' 
groups and groups with a Common Warning colt*raiioi) 
appear at the same time of the year Such evidence 
wc have points in this direction The rarity of tin 
mimetic species is usually stated to l^e due to their being 
lost in the swarms of the abundant mixlcl There ar< 
however, a large numlxrr of cases in which the forms have 
been caught together by a collector whA has passetl i 
limited time in a given locality. 

I am banging together in the Hope Uepanmenl ol 
the Oxford University Museum as many examples as 
potsiblc of mimetic species, captured upon the same da\ 
and in the same place as their models. This series, which 
is kept separate, even now affords very valuable evidence 
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yn the point. Already it proves that the members of 
the groups which converge round Limnas chrysippus, 
Antauris echerta^ and the black and white species of 
Amauris in Natal are upon the wing together. This 
evidence has been very kindly supplied me by Mr. Guy 
A. K. Marshall. I have similar, but less complete, 
evidence as regards some of the Central and South- 
American groups. 

It will probably be conceded that the phenomena 
generally are likely to exhibit the same relationship in 
time which has been already proved to exist for many 
of them. This conclusion, however, is a considerable 
difficulty in the way of the theor) of External Causes as 
well as a further difficulty to the theory of Internal 
Causes As regards the latter, the time relationship is 
an entirely unexplained coincidence , as regards the 
former, it is a coincidence which leaves much to be 
explained It is difficult enough to believe that local 
forces could produce local resemblance . it is a further 
difficulty that the resemblances are contemporaneous. 
If, as is probable, the forces are supposed to act during 
larval lif^, they must include m their effects an influence 
on the rate of growth and development, an adjustment 
of the duration of stages delicate enough to bring the 
various species into the phases in which the resemblance 
IS shown at similar times of the year. But such effects 
are entirely different from those which are manifest in 
the resemblance itself, and add a further complexity to 
a result already shown to be so complex that the theory 
of External Causes fails to supply an interpretation (see 
Section 7, p. 240). 

But it has been shown in many cases, and is probably 
true in all, that the time relationships between the species 
which exhibit these resemblances are not confined to their 
appearance at the same season of the year. They are 
such that they fly together under those conditions of 
light which render the resemblance visible to enemies, 
when moths resemble butterflies, they are mostly species 
which are as truly day-flying as the butterflies themselves ; 
in other cases they are species which fly readily by day 
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wben disturbed. Similarly with the species of various 
Orders which resemble Hymenoptera. The case of 
Coleoptera recently suggested to me by Mr. Gahan is 
peculiarly interesting. It is known in so many cases that 
Decries which arc about by day possess finely facetted 
eyes as compared with the larger fewer facets of the 
nocturnal species, that it is possible to infer the habits 
from the structure of the eyes. Thus the species of the 
Longicom genus Doliops (Family Lamiidat), which closcls 
resemble weevils (see p. 261), are, judged by this standard, 
diunial in their habits. 1he case is all tne more inter 
esting. inasmuch as such an cye-sinicture, such habits, 
and such mimicry are ((uite exceptional in tlic l^ngicorn 
group, the Niphonimu, to which the gemjs belongs. 

The facts recorded above imply such a relationshi[j 
between the nervous systems and sense-organs of tin 
various species as will make them, like tluir nio<leN 
diurnal (or in some cases semidiurnal) in their habits 
This constitutes a further grave difficulty in the way (»l 
any explanation based on External or Internal Causes. 
If the diurnal habits are sup|K>sed to Ik; due to such 
causes, the greatly increased compleviiy of the, result is 
the di/fiaihy. If the rrsemidances are sup[>osed to Ic 
thus producetl only in the s[)ccies which are alreaib 
diurnal, it is imjX)ssible to cx|dain why the external f f 
internal forces are thus restricted in their o|>eraiion. 

It is hardly necessary to fK>ini out that the time an I 
space relationships, which are such a difficulty in the wm} 
of the other two theories, arc entirely necessary to tiv 
explanation basetl on the theory of Natural Selection 
If they did not exist it would l>e overthrovut. 

It. Tk4 RmmblaHffs ukuk Inucts 0 / Or da 

Star to thou of anolkir Order an proamfd in the mc'l 
Diverse Ways. 

The most common tyj^ for mimetic roiemblann 
arc thoie of the waap tnd ant These aggrpsive 
abundant and sticce^iful (brms arc retembied by insect^ 
of vtrioits Ordent Still more biiereittng: is the &ct that 
is pfoiwed in the most varied wap. 
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A superficial resemblance to stinging Hymenoptcra is 
robably more general and is brought about by smaller 
langes in Diptera than in any ower Order of insects, 
L fly which gains alternate black and yellow rings on its 
ody is at once suggestive of an appearance presented by 
lany common wasps. In more extreme cases, the body 
ains a constriction presenting a strong likeness to the 
lender petiole of the wasp s abdomen, there are changes 
n the manner of folding and sometimes in the colour of 
he wings, in the buzz, in the movements of the body 
the latter being such as to suggest the power of stinging), 
ind (when the humble-bees are mimicked) in the acquisition 
if an abundant hairy covering. 

A Hemipterous insect or bug requires the most pro- 
found modification in the shape of its flattened un-wasp- 
like body, and in the display and characteristics of its 
wings. Corresponding to these much greater initial 
differences, the resemblance is rarer than in Diptera. 

A Lepidopterous insect requires above all to gain 
transparent wings, and this in the most striking cases 
that have been studied is produced by the loose attach- 
ment of J:he scales, so that they easily and rapidly fall off 
and leave the wing bare except for a marginal line ai|d 
along the veins (neiuatis, Trochtlium), In other casts 
again (certain Sestidae) the scales may remain on the wing, 
but themselves become transparent. In the numerous 
more perfect instances the body is banded, and may gain 
a marked ‘waist’, while the scales upon it may be lost or 
modified, so that the appearance of the hard shining body 
of the model is suggested with extraordinary exactness. 

The means adopted among Coleoptera, even in closely 
related genera, are so curiously different that a longer 
description is necessary. 

The following examples are all selected from the 
Longicorns. The simplest resemblance to a wasp is that 
attained by the common bce#bs of the genus Clytus, such 
as the British C. aruHs, the * VVasp-Dcetle’. In these 
cases there is nothing visible to represent the wingt^ 
a wasp ; but the elytra and thorax are black banded with 
yellow, there is a far more pronounced ‘waist' tbaa ii 
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usual in Coleoptera, the legs are slender and wasp-like, 
and are moved with wasp-like activity and jerkiness. In 
spite of the apparent want of wings, the effect produced 
is very considerable, and the majority of persons would 
hesitate to touch the insect This, then, is the method 
adopted in the group of Cly(inar \ but in various otlicr 
alli^ tribes, such as the Naydahnae, the Rhinotra^inae, 
the F.$ihe$inai\ the Calluhr 0 mltuu,;sxiA others, the elytra, 
which form by far the largest |xirt of the visible dorsal 
surface in the Ciyintac, In^corne greatly reduced so as to 
show the uiuler wings, which, folded o\er the* l>ack i»r 
e,\|xinded in flight, in either tase strongly suggest lh< 
wings of a wasp, or in some cases an ichneumon 
f urthermore, the el)tra ar<* reduced in two difTcr« nt 
ways — in some genera to linear rudiments more or les> 
broadened at their bases, in others to small sulKjuadr.U( 
or ov al structures representing the kisrs alone. 

W'e thusfinti that wasps and allied forms an- resemblm 
by sf)ecies of many groU|>s of msecis. aiul the reseml>laiui 
IS aitaineil in all kinds of ditfereni ways. 

The numerous mimetic resemblances to the aggressor 
abundant, and well d# fr ndeti ants supply an even, l^ttf i 
illustration. In the ma|onl\ of mimics the whole 1 xh 1\ oi 
the mimetic fc»rm o inouhleil from the anrrsiral shajK' 
still exhibited bv non miim tic allies into that whuh 
characteristic of an ant In some groujts this means i 
large amount of alteration, in others less. In this ras< 
KX), the resemblance extends to forms which are aito 
gether outside the Insecta . for many small sj>ccies ni 
spiders closely mimic ants. In the famd) of 
alone— -and such resemblances occur in other familie* oi 
spiders — George \V. and Kli/alxih (i. Pcckham stai' 
tnat about a numlreJ ant like species |re known from 
serious ports of the world, and that they are * very nw l\ 
more numerous in South America and in the Mal.n 
Archipelago than in any Wier countries V vi/, in ih^ 
very countriei in which other csampleai of Mimicry 
etpedally abuodafiL The spider with tu two-fold division 

• AWa/ W wwr/er. vol » 

siiWiatM : iff iJiu i papir hy the laiat atahon ia vul 1 
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if body is often made to assume the appearance of an 
int, with its three-fold division, by a constriction which 
lOmetimes crosses the cephalothorax, sometimes the 
ibdomen. The absence of antennae in the spider is 
cnown to be compensated in some of the species, which 
lave been studied in the living state, by the habit of 
lolding up one pair of legs, while the walking legs arc 
thus reduced to the ant-like number of six. Of two well- 
known North-American species, Sy nancies puala holds up 
the second pair, and Synetnosyna formica the first. The 
habits of seizing and dealing with prey, and the move- 
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f h. I Iwo Noilli-Anicricaa \Uid sj'nJers mHkIj resemble ants A u S^mt^cs 
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merits generally are extremely un-spider-like and most 
suggestive of ants ; so that the nervous and muscular 
systems, as well as the body-form, have been modified. 
I he remarkably ant-like appearance of these two species 
is shown in the adjoining Fig. i [A and B), 

Among the Insecta, too, there are many examples of 
an ant-like appearance bro^ht about by changes of the 
same kind as those mentionJIfcbove, although less marked 
because the forms to be approximated are less essentially 
different Among the Lepidoptera the young larvae of 
a British moth, Stauropus fagi^ the * Lobster *, have oftea 
been described as resembling ants. 1 he likeness has 
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recently been analysed in much detail by PortsdiinskfJ 
This acute observer considers that the head of the larva 
represents the globular abdomen of the ant, while the 
head and antennae of the latter arc suggested by the larval 
caudal shield with its two apf)cndages. He believes that 
the disturbed larva represents an ant which has seized 
and is endeavouring to carr)' off some object on the 
branch which it is exploring. Under these circumstances 
the head of the ant, with its mandibles fixed in the object, 
would be held low and remain motionless, while the 
abdomen would be elevated and the legs in cotisUiu 
activity, moving the {X)sterior jxirt of the Ixxly from sid( 
to side. Such an appeanincc and such movemetus. h< 
maintains, are strong!) suggested b) the disturl>ed lar\.i 
if we only identify the |H)sirrior end of the mimic with 
the anterior end of the nuKicl. I have to thank Professor 
W, R. Morfill for very kiiully transl.iiing the memoir of 
the Russian natundisi During the summer of i 8 ()S 
I had the nprjortunity of studying these larvae, 'I h- 
young caterfullars were thought to l>e ants by all ihr 
fricncis to whom they were shown One lady consid< r* <i 
that they were 'double ants an interpreialum (•videnti. 
due to tncir disproportionate length and to the head hk^ 
apjK^arafKr of the caudal shield. Draw ings of the larv o 
at this stage were made by Mr. P. liay^and ami af 
rqiTfxlucctl in Fig ; (p . 25 ;), but they fad to amvTy (!k 
ant-like af^arance wnich deijemls so largely on nvu' 
ment 1 Old not, however, observe any attitudes whn ' 
support the details of Portschinski s interpretation, n r 
dfu I witness the apficarances which he figures* 11 
comparison of the caudal apjiemlagr with a head was. t 
the other hand, entirely confirmed. 

Turning to other Orders which supply examples of li - 
mimicry of anu, the Hcmipim have pc^ps the fanh» ^ 
dbtance to travel in the mdificaiion of their flatteiu ^ 
bodiak A beautiful examlpfrom East Africa, vjz. tii h 
of mira (Goidaecktr), ia shown in Fig 

Genuiecker aiaiea that a sii:^ if>mmen of this t 

* ScPiWrstwf, ift97,p 

« Hcfv4|.l|«iK 
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was sent from Rosako, Usaramo, August, 1888, as ‘an 
ant’, together with two undoubted species of these Hymeno- 
ptcra (Polyrrhackis gagates and Ponera iarsaia). The 
resemblance between the former species of ant and the 
Hemipteron, Gerstaecker describes as strong enough to be 
deceptive.* It is principally brought about by the short 

Fit. 3 F/o 4 
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Flo, 3 ( K 3) — An ant-likf Last-Afncin HcrDiptcro*i* msec!. Myi moplastix mim 
(G«r»t ), icen from abo^c and from the left sjde. (From Gentaecker, 
Article 6, p. 9, m Fr btuhlmaiui’'^ Ziw/ 1888-1890, 

Bd. 1 . Berlin, 1^3.^ 

FlO. 4.— An antdike N.*Amcntan beetle, /tii/Vf, Fab , seen from above 

and from the right aide 

globular abdomen, united to the thorax by a constricted 
portion, well seen in the side view represented in Fig, 3. 

Among Coleoptera the U|pmblance to ants is very 
common. I select as an Simple a little Longicom 
{Euderces picipes, Fab.), which I found very abundantly 
upon the heads of Umbelliferous plants at Pine Lake, Hart* 

* Zooi. Ergeb, emer Rrut tn Os/-A/rtka, Fr. Stuhlmami, Bd I; 
Aiticte 6, Htm^Uray p. 9; Dietrich Reimcr, 1893. ^ 
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land, Wisconsin, in July and August, 1897, when visiting 
Dr. C. A. Lcuthstrom. Ants were also very common on 
the same flower-heads. The appearance and movements 
of the beetles were extremely ant-like, the suggestion of 
a stalked abdomen being conveyed by an oblique white 
line crossing the elytra in a very shallow depression in 
which the dark ground-colour of the insect appeared to 
be of a more intense black than elsewhere. The increased 
darkness was in reality due to the shadow in the depres- 
sion combined with the effect of a difference in the texture 
of the surface. This combination of characters produced 
a strong superficial resemblance between the elytra of the 
beetle and the abdomen and thorax of the ant, while the 
head of the latter was represented by the beetle s head 
and thorax together. These resemblances are indicated 
in Fig. 4 (p. 255) ; but the living insect is required in order 
fully to appreciate them. 

In all the cases alluded to above, the resemblance is 
attained by a modification in the form of body and limbs, 
accompanied by changes in those more deep-seated 
structures which affect the habits and movements. 

There are, however, other very different jncaos b)' 
which the same end is attained. ()ne of the most inter- 
esting of these is the case of a Locustid [Phaneroptcridt s), 
Myrmecopfiana fallax from the Sudan, described by 
Brunner von Wattenwyl.' Brunner's two figures arc 
reproduced as Fig. 5 on p. 258. Upon the stout bod}' 
of this insect the slender-waisted form of an ant is repre- 
sented in black pigment, the remainder of the body being 
light in colour ana presumably invisible against a similar 
background. Of the habits of the insect nothing is known, 
but 9 ie method is of great interest, being so entirely 
difierent from that by which mimetic likeness is usually 
effected. In a more recent work - Brunner von Watten- 
wyl again alludes to this cj|^plc, and states that^the form 
of the species ‘ leads to tljRonclusion that it lives on the 
ground , viz. in the position which gives a meaning to the 

* VerhauM, dtr k.-k, %o0l-bohn. Oti* m 1883, P* ^47* 

* Obterpoitont on tht Color atiim of English trantlation by E. J 
Blfs, Leip^, 1897, p. II. 
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resemblance. In spite of this he asks, ‘ Is this imitation 
an accidental freak of nature ? ' If Myrmecophana were 
the only example of such resemblance the question might 
fairly be asked, but in view of the numerous other equally 
close resemblances to ants, produced in various ways, it 
is quite unnecessary. The suggestion of an ‘accidental 
freak ’ can never explain such close likeness, in appear- 
ance, in movements and habits (so far as they are known), 
in locality — a likeness, furthermore, to particular insects 
in the environment, members of a specially successful and 
aggressive group — a likeness not produced in one way but 
in many different ways. To suggest an ‘ accidental freak ’ 
as the explanation shows an amazing credulity, only to be 
explained by the bias which is ready to accept any inter- 
pretation except that afforded by the theory of Natural 
Selection.^ 

’ Several examples of the kind are now known, although some doubt 
has been thrown upon the details of Brunner’s interpretation in the case of 
Myrmecophana itself, an insect of which the habits were entirely unknown 
Guy A. K. Marshall has captured a Locuslid of the same genus in 
company with ants upon a small bushy vetch, near Salisbury, Rhodesia 
{Trans. Ent, Soc. Land., 1902, p. 535, Plate xix, fig 59) The un-ant-hke 
parts of ihe^body were green and thus invisible against the leaves ; but in 
the dead specimen they have faded to a pale yellowish tint much like that 
desenbed by Brunner on the corresponding parts of M. fallax. In fact, 
Malcolm Burr is inclined to think that the Rhodesian example is M. fallax 
and that Brunner was misled by a faded specimen. But even if this 
particular example is to be explained in a slightly different manner — 
obliteration by harmony with a green background instead of a glaring one, 
several other instances have now come to light, and these are to be 
explained precisely in the manner suggested by Brunner. Thus Colonel 
J. W. Yerbury has shown me an Asihd fly — Promachus loplerus (Wied.), 
from Par^, with white patches on the sides of the basal abdominal 
segments, leaving the appearance of a slender black stalk like that of so 
many Hymenoptera. Again, R. Shelford describes four Bornean 
Longicorn beetles of the genera Scytasts and Obtrea as ‘ marked with a 
large white patch of pubescence on the sides of the first and second 
abdominal segments, which patches, when the beetle is seen in profile, 
give an impression of a wasp-like wi|^ from the posterior end of which 
the abdomen appears gradually to m size ' {Proc. Zool. Soc. Lond., 
1902, vol. ii, p. 238, PI. XIX, figs. 13-15). The most interesting case, 
however, is that of a common British Reduviid bug, Nabis laiiventns, which 
in its immature stages bears an ant-like appearance produced exactly in 
the manner described by Brunner. It is remarkable that so interesting a 
form of mimicry in such a common insect should have been undescribed 
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Another and equally interesting method is adopted by 
certain trc^ieal American Rhynchota Homoptera belong- 
ing to the umily Membracidae. In this remarkable group 
the xiorsal r^on of the first thoracic segment (the pro- 
notum) is ca enormous size, extending upwards and 
backwards so as completely to cover the insect with the 
exception of the head, limbs, and wings. What Natural 

Fig 6 
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FlO. 5. — A LocuBtid from the Sudan, Myrmetophana fallajc (Brunner), sectr from 
above and from the left side. On this maect the apjwarance of an ant is 
repfeaenled tn black pigment, ail other part* being light in colour anil 
presamably concealed. (From (fninner von Watlenwyl, rtrhanJL d I k 
G<s. in fVt^, Bd iixill, 1883, pL ir, figs, raft 1 A.) 

Fro. 6.— A Central American Metnbnurid tRiiyncaota Ilomoptera} iq which the 
pfothorack shield resembles an aot Thus the body of the Insect which o 
not like an ant is concealed by an ant like shield. The species is H*ter9n»tus 
tnnodfitus as seen from abowe and the left tide. The upper of the two 
fibres seen from the side represents a female, the two other figures, males. 
(From W W. Fowler, Bi«l Ctntr-Am , Rymh. fhwwpt , vol. n, pi. 6, figs. 
16, i 6 a , & 17 ) 

Selection effects in the general body-form of other insects 
must here be effected, if it is to be of any value, in the 
shield, which is seen, and not in the body, ^hich is 
concealed. This change Ipu been brought about, and 
certain species of the group have their un-ant-like bodies 
concealed under an ant-like shield. In other species the 

until w late a« 1899 (David Sharp, F.R.S., Imtda, vnl, ii, Lond., 1899, 
»■ 65*. 657. P, Oct 1906. 
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prothoracic shield is modified into a resemblance to various 
objects, such as seeds, thorns, &c. — an excellent example 
of the parallelism between Mimetic and Protective Resem- 
blance pointed out in Section 3, p. 225, The effects pro- 
duced in the shield are at least as exact and detailed as 
those which in other cases are wrought in the form of the 
whole body. Thus, as Mr. W. F. H. Blandford has pointed 
out to me, a peculiar characteristic of certain tropical 
American ants (viz. the bead-like dilatation in the stalk 
of the abdomen) is reproduced in the shield of the Mem- 
bracid. This is well seen in HeUronotus trinodosus, shown 
in Fig. 6, copied from Canon W. W. Fowlers Monograph 
of the group in the Biologia Centrah-Anierica^ia. 

Finally, in the same group of Membracidae we meet 



Fig. 7 —About three times the natural size. On the right 13 repres^entetl an immature 
Membracid {Rhynchota Jjoinoptera) from British Guiana, which resembles 
an ant together with the leaf it is carrying The latter is seen on the left, and 
represents the species Atta {Oecodonia) cephalotes from the same locality The 
Enghah leaf shown in the drawing is unlike the semi-circuIar fragments gnawed 
by the ant. (From Poulton, Proc Zool Soc Pond , 1891, pi. xxwi, fig. 2 ) 

with another example which is also incapable of inter- 
pretation by any theory as yet brought forward except 
Natural Selection. An immature form of Membracid, 
with the prothoracic shield not yet formed, found by 
W. L Sclater in British Guiana, strongly resembles one 
of the leaf-carrying ants which are so common in that 
part of the world ; but the resemblance includes the leaf 
as well as the ant! The dorsal region of the Membracid 
is flat and compressed, so that it is as thin as a leaf; its 
border (the dorsal surface, which forms a sharp edge) is 
irregularly jagged as if gnawed, and during life it is green 
in colour. Beneath this leaf-like expanse the brown head 
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and legs of the insect are visible just as, in the case of 
the ant, they appear beneath the piece of leaf which is 
carried vertically between the mandibles and thrown over 
the back.' The appearance of the Membracid and leaf- 
carrying ant is shown in Fig. 7 (p. 259). It is probable 
that certain species of the Orthopterous genus Tettix 
{Aeridiidae) also resemble ants carrying leaves. 

It would of course be ridiculous to ascribe this last resem- 
blance to any direct external forces connected with locality, 
or to any internal forces, independently producing a like 
result, and, as the resemblance appears at an immature 
stage, it is equally impossible to invoke the aid of Sexual 
Selection. 

Natural Selection remains as the only feasible inter- 
pretation. 

Even more striking than this remarkable example is 
the contemplation of all these various methods and their 
relation to each other. The means by which the resem- 
blance to ants is brought about arc diverse, the end — 
the resemblance itself— is uniform* Furthermore, the 
likeness is almost always detailed and remarkable, how- 
ever it is attained, while the methods made use of .differ 
absolutely. Such a result, it would seem, is the most 
complete proof of the operation of Natural Selection that 
can DC attained, short of the actual demonstration of its 
action by observation and statistics. If this argument be 
confirmed by a study and comparison of the foregoing 
I to 7, I venture to think that it will meet with 
general acceptance. 

When one insect resembles an ant by the superficial 
alteration of its whole body-form, another by the modifi- 
cation of a shield-like structure which conceals its unaltered 
body, another by having the shape of an ant painted, as 
it were, in black pigment upon its body while all other 
parts are rendered invisible ; another by a fur^eamodifi- 
catitm of the bod^, so that it repnesenta not ah ant only, 
but the object which the ant is almost always carrying,— 
when the effect of all these results is he^taied by 
priate habits and movements, we are compelled to believe 
* Pfoc, ZmL Sk. Lon 4 ^ 1891, p. 481. 
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that there is somethiiig advantageous in the resemblance 
' to an ant, and that Natural Selection has been at work. 
The phenomena do not merely disprove all other suggested 
causes of change; they constitute the most powerful 
indirect proof of the operation of Natural Selection, 

[ 2. The Resemblances within the Limits of the Order are 
also produced in the most Diverse Ways, 

Illogical as I believe the position to be, it is quite 
possible that many observers may concede the force of 
the argument concluded above, and yet continue to hold 
that the resemblances within the Order are produced by 
External or perhaps by Internal Causes. It can, how- 
ever, be shown that the very same conditions which were 
true in the wider group are also found in the narrower. 
Even within the Order itself resemblances are produced 
in very diverse ways, although minute examination is 
sometimes necessary before the essential difference which 
separates them can be revealed. 

Certain Longicorn beetles resemble weevils, the Curcu- 
lionidae being, so it is believed, specially defended by 
their, extremely hard chitinous covering. The weevils 
closely re*sembled by such Longicorns as Doliops curcu- 
lionoides and D.geometrica have short antennae ending in 
a knob. The antennae of the Doliops are nearly three 
times as long; the resemblance to the weevil being 
produced by a dilatation of the third joint, which repre- 
sents the knob, while all the joints beyond are of such 
excessive fineness that they are almost invisible. The 
strong resemblance of the Longicorn Estigmenida varia- 
bitis to Estigmena chinensis, belonging to the Hispidae 
(Phytophaga), is brought about in a similar manner, as 
was pointed out by C. J. Gahan. In this case about one- 
third of the length of the Longicorn s antenna is concealed 
by its extreme fineness, while the apparent terminal 
thickening is produced by hairs at the end of the stouter 
basal section. 

In these examples, kindly shown me by Mr. Gahan, 
neither the theory of External nor that of Internal Causes 
is of any avail. It is impossible to believe that the 
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nsdemblanc^ is a direct effect of dttnatic or other forces 
connected with tocality, when the results are in reality so 
utterly different and yet superficially so entirely alike. 
It is obvious that the methods by which the appearance 
of a terminal thickening is produced in the two mimics 
are as essentially different as are those by which the 
appearance of short antennae is produced in the model 
on the one hand, and its two mimics on the other. The 
fact which requires explanation is the extraordinary like- 
ness in spite of the essential difference, and this, when it 
is repeated again and again, cannot be interpreted by any 
theory unless based upon the principle of selection. 

Many other examples of the same kind could easily be 
brought forward : in fact, it may be admitted as a general 
principle that in Protective Mimicry and Common Warn- 
ing Colours the resemblance is attained by precisely 
similar methods, and generally by methods which are 
extremely unlike. I propose, in concluding this Section, 
to discuss a few examples from the Lepidoptera, inasmuch 
as the resemblances in question have been chiefly studied 
in this group, and because an explanation based on the 
theory of External or on that of Internal Cause; has-been 
sought more often and pressed more strongly in the 
Mimetic Lepidoptera than in any other Order. 

The Pierinae are specially liable to take on these 
Resemblances. In tropical America they chiefly resemble 
the Ithomiiuae, Heltconinae, and Papilioninae, affording 
some of the best and earliest recorded examples of 
Mimicry (although Dr. F. A. Dixey has now shown that 
they are more probably to be interpreted as Common 
Warning Colours). The chemical nature of the wing- 
pigments of the Pierinae has recently formed the subject 
of an interesting paper by F. Gowland Hopkins.^ The 
author shows that the white pigment so oom«ion in the 
group is an impure uric acid probably unecunHuAI, that 
the yellow and orange p^jment is a derivative df uric acid 
to which he gives the name ‘ leptdotic acid \ while a much 
rarer red pigment* less fully invest^ted* is pr<M)ably of 


* Free, Rey, Soc.^ Ivit, 1894, p. 5, and PM fhmi^ B. p. 66 i. 
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a closely similar constitution. These three pigments, 
with black, which is apparently intimately associated with 
the cuticle of the scales, with a pigment placed between 
the two laminae of the wing and with superadded optical 
effects due to structure, account for the whole 01 the 
colouring of Pierine butterflies. No pigment of similar 
constitution to the Pierine white, yellow, and red, was 
found by Mr. Hopkins in any other butterfly — not even 
in the allied Papilioninae. The Pierine butterflies which 
resemble the Ithomiinae or other butterflies were found 
by Mr. Hopkins to achieve this end, not by gaining the 
true pigments of their models, but by means of the cha- 
racteristic Pierine pigments. The bands of warm red- 
brown, the spots of white and yellow, which so closely 
resemble the same tints in the Ithomiinae, are in reality 
caused by pigments of an entirely different nature, — the 
resemblance, even between the pigments themselves, is 
wholly superficial. 

The argument that the resemblances we are discussing 
are a common result of common forces is simply an 
improbable assumption. It has been proved again and 
agaiji that the results are not common, the resemblance 
merely cfeceptive. And now this has even been shown* 
for the colours themselves, in some of the best known 
and most striking examples of Mimicry. 

The last example of similarity in appearance produced 
through diversity of method is one which occurred to me 
a few years ago when lecturing on Mimicry in the Hope 
Department at Oxford. It was worked out in detail 
during the summer of 1897, and the general results were 
communicated to Section D of the British Association at 
Toronto.^ 

Although the Lepidoptera are characterized as an Order 
by the clothing of scales upon the wings, examples are 
very frequent in which this covering has been in part, 
or almost wholly, lost By comparison with kindred 
unmodified forms, as well as by microscopic examination 
of the transparent areas themselves, it is possible to show 

‘ August 23, 1897. A brief abstract is printed in the Report of the 
Meeting, pp. 692-4. 
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that this loss ts recent, and to trace the steps by which it 
hits been reached from a condition in which normal scales 


were present 

In the very large convergent group of tropical American 
Lepidoptera which has sprung up round the best known 
species of the Ithomiine genera Meikona and Thyridia, 
transparency of a large part of the wings is a charac- 
teristic feature. Throughout the cjoup the ground-colour 
of the wings is transparent, with a black border which 
generally passes inwards as two transverse bands in the 
fore-wing, separating the transparent part into three 
areas, and as one band in the hind-wing, separating it 
into two areas. The group consists of Ithorniinae (Meo- 
tropinai) of many genera, of Danainae, of Pierinae, and 
of moths of the genera Anthomyza and Hyelosia, belong- 
ing to the Pericopidae {Hypndae\ and the widely separated 
genus Caslnia (Casiniidae). 

Under the theory of External Causes we should expect 
that the transparency would be attained in a similar 
manner throughout, by the reduction of scales to hairs, 
by the complete loss of scales, or by some other uniform 
method. Under the theory of Natural Selwtioo we 
should expect the methods would be different in the 
different groups. There are many ways in which trans- 
parency can be attained, and we should expect that one 
group would submit one set of variations making towards 
die resemblance, another a different set, to the operation 
of Natural Selection. It will be shown that this prediction 
is abundantly justified. 

Microscopic examination of the Ithorniinae [Neotro- 
pinae) showed that the scales on the wings arc of two 
kinds, broad and narrow, which alternate more or less 
regularly. In the transparent parts both kinds of scale 
can still be detected, the narrow being fieoucntly 
reduced to fine simple hairs, and, in the most eittreme 
cases, the broad scalei being reduced to 
hairs. 

The two commonest species of the whole group, 
probably forming the centre towards which the others 
nave converged, arc the Ithomiine butterflies Metkona 
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confusa and Thyridia psidiL These species, belonging 
to very different genera, afford a good example of the 
closeness of resemblance which may be attained by 
Common Warning Colours. The two forms are 
constantly found intermixed in collections, and super- 
ficially are almost exactly alike. Nevertheless, a study 
of the transparent part of the wing under the microscope 
reveals the fact that the degeneration of the scales has 
reached a very different level in the two species. The 
broad scales, reduced to small bifid structures, exhibit a 
distinctly different form in the two species ; while the 
narrow scales are reduced to long extremely fine hairs 
in the Methona, and to much broader ones in the 
Thyridia. The comparison between the almost identi- 
cal appearance of the two insects to the naked eye, 
and their real differences when seen by means of 
the microscope, affords another good example of the 
principle which has been already so abundantly illus- 
trated — that when a close superficial resemblance has 
been attained no further similarity in the details of 
structure is produced. This is apparent enough even in 
thes^ two genera belonging to the same sub-family. It 
is of course illustrated in a far more striking manner 
when the affinity is more remote. 

We now pass to the Danainae which fall into the 
group. This Sub-Family supplies it with two species, 
both belonging to the genus Ituna. The Ithomiinae 
were formerly classed with the Danainae^ and in any 
case form the sub-family which stands next to them. 
But, nevertheless, transparency is attained in an entirely 
different manner, the scales being neither greatly 
lessened in size nor much altered in appearance. It 
is the great reduction in numbers which is here the 
cause of the transparency. The scales retain their 
dark pigment and produce the effect of a grey dusting 
over the transparent areas. 

Finally, there is a single species belonging to the 
distant Family Papilionidae and Sub-Family Purina^ 
Dismorphia arise. In certain parts of Ecuador the 
black borders and bands of the Methona model, distin- 
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gutsfaed as M: psamatke, Godm* and Salv., are much 
mUTower than in the type form, and we find that 
the Dismorphia from the same locality has followed in 
the same direction. Microscopic examination reveals 
that in DisMorpkia the transparency is attained, unlike 
Ituua, by a reduction in size of the scales ; while, unlike 
the Itkomiinai, the normal shape and outline are pre- 
served almost unchanged. 

It is a little remarkable that in this large, dominant, 
and widely distributed group, no member of the 
Heluoninae has yet been shown to find a place. 

We now pass to the Heterocerous members of the 
group. Microscopic examination proves that the moths 
become transparent in two ways, which differ entirely 
from each other, and from any of the methods already 
described in the butterflies. The scales of Castnia are 
not reduced in size, but they have lost their pigment 
and are transparent ; they are furthermore set up on 
edge so that the light freely passes between them. The 
scales towards the centre of the transparent patches arc 
much more upright than those of the margin, where they 
are transitional into the opaque border. Th^ arrange- 
ment in Hyelosia is closely similar to that of Castnia, 
save that the scales are much reduced in number. The 
scales of Anthomyza, on the other hand, are normal in 
arrangement as well as in size. They lie flat on the 
wing-membrane with the usual overlap, but arc so 
devoid of pigment that the light passes through them. 
Although transparent, they retain a more or less faint 
yellow or greenish-yellow tinge, but this is also to be 
noticed in the transparent part of the wings of Metkona, 
Dismorphia, &c. 

The comparison of these details is almost a demon- 
stration of the operation of the Darwinian theoiy. We 
cannot conceive of Natural Selection acting othW than 
along some such lines as those which have" here been 
diown to exist; for it is impossible to believe that very 
different species with very different natures would 
present anything but very different variations for its 
action. On the other hand, we cannot CMceive of any 
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theory, not dependent upon the principle of Selection, 
which could explain such extraordinary superficial re- 
semblances among numbers of species by methods which 
are entirely unlike in their details. 

13. The supposed Direct Effect of Local Forces implies 
the Hereditary Transmission of Acquired Characters. 

Finally, the hypothesis which is more commonly than 
any other substituted for Natural Selection, has the 
further disadvantage that it implies the unproved im- 
probable hypothesis of the hereditary transmission of 
acquired characters. 

A discussion of this latter hypothesis cannot be at- 
tempted hered It will be sufficient to observe that after 
years of search no particle of evidence in its favour, 
which can stand the test of investigation, has been forth- 
coming. 

14. General Conclusions : Natural Selection as the 
Cause of Mimetic Resemblance ajid Common 
Warning Colours. 

I think it is not too much to claim that, even if the 
theories which have been proposed as substitutes for 
Natural Selection have not been destroyed in single 
Sections of this essay, — and I confidently believe that 
they have been thus destroyed over and over again, — 
their most convinced supporter will admit that they 
must yield to the accumulated pressure of all the argu- 
ments here brought forward. 

The resemblances of Mimicry and Common Warning 
Colours have certain salient features in common, certain 
peculiarities which are apt to manifest themselves re- 
peatedly ; they also bear certain general relationships to 
other resemblances in organic nature. In this paper 
I have attempted to set down all the general state- 
ments which can be made as to the phenomena under 
discussion. These general statements represent an 

’ The hypothesis in question has been discussed in Essays iii and v, 
pages 95 and 139. 
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seen butterflies attacked by birds. On the other hand, 
the Mullerian theory presupposes that young birds 
test the palatability of a fey members of each convergent 

S ip in their locality, and henceforward, except when 
en by hunger, avoid all the members, so that the 
recent tendency to explain so many of these resemblances 
on Mullerian rather than on Batesian lines is in harmony 
with the conclusion that the members of such groups are 
not greatly attacked by adult birds. 

As regards butterflies which do not exhibit these 
resemblances, I may point out that it is impossible to 
exhaust the details of the struggle for existence, even as 
regaLfds a single species, in the intervals of the time 
devoted to collecting. Such an investigation would 
demand the whole time of a first-rate observer, and, so 
far as I am aware, the inquiry has never been ap- 
jmached in so thorough a manner. Even if collectors 
would pay attention to the worst specimens instead of 
the be^, some evidence of the nature and amount of 
attack would be forthcoming. During the visit of the 
British Association to Canada in 1897 I made a point 
of capturing butterflies which had evidently been pecked 
by birds. In this way, although I did not witness a 
single attack^ I obtain^ indirect proof that butterflies 
stfe not nearly so immune as has bm asserted Similar 
obtervatkms were made at a much earlier date by Fritz 
Muller.’ 

The review of the whole subject during the past 
fOft^fivc years iiicreases our ccmndence in theories 
of rates and Friu Muller, while it dkposes of all 
attemadve hypotheses. Even more than it will 
I believe, be claimed by all who take a brood view over 
the wbe^ field of evid^ce, that the exptaoatiaii of these 
deepfy intesestti^ hurts, whkh fiarm so fiitcinating and 
important a depaftment of natural hismry in the tropics, 
m one of the most notable ^umphs ever won by the 
great theory of Natural Selecriom 


’ Sm Thus. Af. Zmd, pp. 
of fddmee, dhect si wdi si isdhscl^ k sst iiss rl 
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MIMICRY AND NATURAL SELHCTION 

The Enghsh Address to the Fifth International Zoological Congress 
held at Berlin. Read at the ‘Allgemeine S/tzung', August 15, 1901. 
Reprinted from Verhandl d. V hiternat Zool Congr. z. Berlin y Jena, 
1902, p. 171. 

Revised: an Appendix added. 


I FEEL it to be a great honour and pleasure tp be called 
on to deliver the address on behalf of the English-speaking 
nations to the Fifth International Zoological Congress, 
at Berlin. At the same time I am sensible of the great 
difficulty of the task, in the attempt to say anything ade- 
quate on so wide a subject in the narrow compass of 
and forty minutes, 

^CJn attempting to arrive at a decision upon the{origin 
and caus^ of Mimetic Resemblance we have no direct 
evidence to assist us. We are driven to base our opinion 
upon the same ground as that upon which the belief in 
the theory of Gravitation is founded. This theory finds 
acceptance, not because of direct evidence in its favour, 
but because the facts of the Cosmos, so far as we know 
them, are consistent with the theory and none of them 
inpnsistent with it. 

(jt is necessary therefore first to give a brief account of 
the theories which have been advanced to explain the 
origin of Mimicry, secondly to inquire how far each one 
of them is consistent with the main facts of Mimicry^ 

X, Th4 Theory of Natural Selection as an explanation, 
assumes that these resemblances have been produced 
because tlrey are or have been useful in the struggle for 
existence^ There has been, according to this interpreta- 
tion, a greater average survival in successive generations 
of the forms in whicn these useful likenesses were more 
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strongly developed as compared with those in which they 
were less strongly developed, and thus in process of time 
a very high degree of resemblance has been attained. 

2. The Theory of Exlertial Causes assumes that 
Mimicry has been produced by the direct action upon the 
organism of some one or more of the various innuences 
which exist in the localit)', such as food, moisture, dryness, 
heat, cold, &c. 

3. The Theory of I nUrnal Causes assumes that Mimetic 
Resemblances are due to the independent arrival of 
different species at the same evolutionary stage, as regards 
the characters in which such resemblances are manifest 

4. The Theory of Sexual Selection has occasional!) 
been invoked to account for Mimicry, the assumption 
being that the selection of mates has been influenced b) 
the colours and [xitterns of oth(*r sjx^cies living in the 
same country. 

The last-mentioned theor)' is hekl by comparative!) 
few naturalists, although it was deemed to be worthy of 
consideration by Charles Darwm aiul Frit/ Muller.' d'he 
theory of External Causes is probai)!) more commoni) 
received as an explanation than an) of the others excejjt 
Natural Selection itself 

I now propose to bring before )ou several examples 
setting forth the main asjjects of Mimetic Resemb!anc< , 
and to inquire how far each of them is consistent \miIi 
these four theories. 

The too-exclusive study of Mimicry in Lepidojiter.i 
(butterflies and moths) alone i.s probably responsible foi 
a common belief in the theory of External Causes. 1 hu^ 
when we contemplate a group of *many s|)ecies ol 
Ithomiine, Danaine, Nymphaline, Heliconine, Eryemui, 
and Pierinc butterflies from British Guiana an^l Surinam, 
and find that all tend to develop dark hind-wings, it is 
plausible to suggest as an interpretation that we are 

* See t letter from Charles Darwin descnbing Friiz Muller's thoughts 
on this sobject Charles Darwtn amd the Theory of Natural 
Pooiton, Lemdon, 1S96, p. aoa. 

* Thm eiafflpkf were Uhistfaled br pro)cctk>ns of ibrce-colour illu^ 
trmlioiis prepared by Mr. Sanger- Shepherd from the actual specimens m 
Ihe Hope Dtpartment of the Oxford Univcriity Museum. 
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witnessing the common effect of local influences. But 
this and every other explanation, except Natural Selection, 
leave as a mere coincidence the fact that the first-named 
three groups contribute the vast majority of the species, 
and undoubtedly provide the models for the others. 
Under Natpral Selection the interpretation is easy; the 
groups in question are specially defended by unpalatable 
qualities, and it is to their advantage to warn their enemies 
by a common advertisement. The Nymphaline, Erycinid, 
and Pienne species may also be unpalatable and fall into 
the same Mullerian (Synaposematic) ^ combination, or 
they may be edible and gain advantage by living on the 
reputation of the three nauseous sub-families (Batesian 
Mimicry or Pseudaposematic Resemblance). Taking all 
available facts into consideration the former is the more 
probable view Not in Guiana alone, but wherever we 
may travel in tropical America, groups of species of the 
three Sub-Families tend to resemble each other and to 
act as models for butterflies of other Families and Sub- 
Families. In Venezuela, for example, they are reddish- 
brown black-barred insects as in Guiana, but without the 
tendency towards preponderant black in the hind-wings , 
in South tastern Brazil they all possess an especially 
light stripe, frequently bright yellow, along the hind- 
wings, and a light spot, frequently white, at the apex of 
the fore-wings , at Ega, on the Upper Amazon, they all 
gain a rich chestnut-brown ground colour , still further 
west, the brown ground colour is much less dark than at 
Ega, and of a very characteristic shade. Why should 
these three Sub-Families be so conspicuously subject to 
the common influence of locality.^ Why should they more 
than all other butterflies arrive independently at the same 
evolutionary stage as regards visible characters } Why 
should Sexual Selection operate so exclusively upon them 
in the direction of producing a common likeness ? None 
of these questions can be answered. The facts remain 
mere coincidences under all theories except Natural 
Selection. In other words, Natural Selection is the only 
satisfactory interpretation. 

^ Proc. Ent. Soc. Lond., 1897, p. xxix, n. 
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Mimicry among Rhopalocera (butterflies) is much less 
common as we pass into northern regions, but there is 
one excellent example in temperate North America which 
serves to show how superficial an interpretation is that 
offered by the theory ol External Causes, and how com- 
pletely it breaks down when examined with a little care. 
With comparatively few exceptions the insect fauna of 
North America is that of the great northern circumpolar 
land-belt. These exceptions are intruders from the 
tropica] South, and among them is the large Danaine 
butterfly Anosia plexippus which now ranges over the 
United States and a large part of Canada. In tropical 
America closelysimilar representative species, sub-species, 
or forms still persist. I'his abundant Danaine butterfly 
affords the model which is closely resembled by an 
indigenous Nymphaline butterfly which we should place 
in the genus Lintenihs, although some American natura- 
lists prefer to put the Nearctic species in a separate genus. 
Basilarchia. There are also other mimics among the 
species of the North American Limctnits (Basiiarchni), 
but two of them are non-mimetic and enable us to 
reconstruct the appearance of their close ally before the 
intrusion of the great Danaine model. In the New 
World the genus Ltmenifis is confined to the Nearctic 
Region with the exception of a .single s|x.‘cies, a form ot 
the mimetic L. astyanax (Fabr,), which just enters the 
Ixirders of Mexico. If butterfly colours and patterns are 
the expression of the direct influences of the environment, 
then it is clear that the indigenous non-mimetic species of 
Limenttis (Basi/arrJua) arc an expression of Nearctic 
(temperate North American) conditions, and according to 
the theory of External Causes, the invader from the 
South should have come to resemble them^ instead of 
drawing an ancient Nearctic species far away from its 
ancestral colours and patterns into a close superficial 
likeness to itself. The fact that certain species of a 
single genus should thus be entirely mimetic, while others 
arc entirely non-mimetic and preserve the ancestral 
appearance, has been sometimes urged, for example by the 

'' ' — ^ ^ Wftstwood, against the interpretation 
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afforded by the theory of Natural Selection. It is a real 
difficulty to the theories of External and Internal Causes ; 
for, as regards the first, we should expect the closely 
related species of a genus to react similarly to the local 
conditions, rather than that certain of them should react 
quite differently from the others but quite similarly to 
the species of distantly related Sub-Families; and, as 
regards the second, we should expect such species to 
reach nearly the same evolutionary stage together, rather 
than that some should reach one stage and others another 
entirely different one, but the same as that reached by 
certain species of remote affinity. With Natural Selection 
for our explanation such differences are at once intelligible. 
The variation which formed the foundation for selection 
to build upon may well have been present in certain 
species of a genus but not in others ; or slight differences 
in life-history or the methods of adaptation, or the attacks 
of enemies, may have rendered Mimicry advantageous for 
this species but not for that. 

When we pass from Mimicry among butterflies to 
Mimicry between butterflies and moths, the difficulties 
encountered by all theories except Natural Selection 
become greater because of the wider structural difference 
between model and mimic. To take an example, certain 
species of day-flying Chalcosid moths of Borneo mimic 
Danaine butterflies while others mmxz Piermae \ another 
mimics an Agaristid moth.^ Why should part of the 
Heteroceran group be acted on by external conditions so 
as to cause a superficial resemblance to Damhiae, the 
others so as to cause a resemblance to Pierinae} Why 
out of the same closely related set of species should some 
reach the evolutional stage of Danainae, the others of 
Pierinae ^ Why should the models happen to differ from 
butterflies in general in their slow flight and conspicuous 
appearance, in the similarity of the patterns on the under 
side of the win^s to those on the upper side, in the fact 
that they are distasteful to the generality of insect-eating 

^ See the beautiful plate (xxi) illustrating these resemblances in 
R. Shelford’s paper in Proc. Zoo/ Soc. Lond ^ 1903 • also pp 356, 357, 
and 359, 260 of the text. 
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animals ? Why should the mimics happen to belong to 
a day-flying group, although moths are as a rule nocturnal ? 
All these questions receive an obvious answer when the 
theory of Natural Selection is adopted as the explanation 
of Mimicry : they cannot be answered by any other 
existing theory. Under any other theory the facts are 
gratuitous, devoid of meaning. 

When the moilel belongs to one insect Order and the 
mimic to another, difficulties of interpretation, except on 
the theory of Natural Selection, become even greater 
Why should the models in the vast majority of cases 
happen to l>elong to the Hymenoptera and to possess 
stings or other special modes of defence ? Why under 
the totally different coiKhtions of Borneo and South Africa 
should a local Xylocopid bee l)e mimicked by a local 
Asilid fly {Ilyperethia) ? ‘ Many moths come to resemble 
transparent-winged Hymenoptera by losing, probabi) 
during their first flight, scales which were present on their 
wings when they emerged from the pupa. Is any one lx)ld 
enough to maintain that a resemblance thus caused is due 
to External or Internal Causes or to Sexual Selection ^ 
The assumption that local influences act ui}iformly on 
different s{)ecies is by no means justified except in the 
case of species ^\ith similar habits and life-histones Mr 
Guy A. K. Marshall has sent me a w^onderful group of 
reddish brown or ochreous insects with the posterior part 
of the visible dorsal surface black. It contains many 
species of the Lycid models, and also Coleoptera bclongin;^ 
to the Telephondae, Melyrid(u, Phytophaga, CanifMrt(iai\ 
and Longicorns, several species of aculeate Hymenoptera, 
a few Hemipterous insects, two species of moths and one 
of Dipiera.* We have here all kinds of habits and all 
kinds of life-histories, larvae living in the c^n, larvae 
burrowing in plant-stems, carnivorous larvae, leaf-eating 
larvae, larvae with special food stored in cells. It is 

’ R Shelford in Proc, Zocl Soc. Lend., 1902, pp. 361, 262 , plate xxn, 

I, t. G. A, K. MATihaJl in Trarts Eni, Soc. Lond , 1902, pp f).].) 
534; phuc xxti, figs. 19, 30 . 

■ G. A. K. Marshall to Trans, EnL Soc, Land, 1902, pp 5*5 ' » 
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simply childish to appeal vaguely to the direct action of 
like forces as the explanation of the remarkable resem- 
blance which runs through the group. The environing 
forces are not like but extremely unlike, because of the 
very diverse conditions under which various members of 
the group live and grow. 

All the butterfly Sub-Families uhich furnish the chief 
models for Mimicry are remarkable for the uniformity of 
colour and pattern throughout groups of species in each 
of the countries they inhabit. These Sub-Families are 
the Danainae, found all over the tropics, and the allied 
Ithomimae [Neoiropinae) of tropical America, the Acrae- 
inae, almost confined to Africa and tropical America, and 
the allied Helic 07 iinae, practically restricted to the latter. 
A very strong family likeness runs through long series of 
species, as any one may see by a glance at the successive 
drawers of a collection of African Acracniae or Oriental 
Euploeini and comparing them with an ec[ual number of 
species in any Sub- Family which does not provide nume- 
rous models for Mimicry. Compare, for instance, our 
European Vaiiesstdae with sets of local species belonging 
to any of the four above-named Sub-Families. The species 
of Vanessa do indeed possess homologous markings,' and 
many of the gaps between them can be filled up, but we 
have to hunt the world in order to do it, and even then 
we only obtain a partial continuity between extreme 
differences, whereas in the specially protected Sub- 
Families there is not only continuity but uniformity in 
large groups of species. Mr. A. G. Ma)er^ has found 
that among 450 species of Neotropical llhonuinae and 
Heliconinae there are only fifteen shades of colour, whereas 
among 200 species of Neotropical f^apilioninae there are 
thirty-six shades. And this is not by any means due to 
the scarcity of variation in the former, for individual 
differences in each locality, and geographical differences, 
as we pass from one district to another, are very prevalent. 
Combined with the uniformity within these Sub-Families 
is a marked tendency to resemble other protected Sub- 

^ See F. A. Dixey in Trans Ent. Soc Lond , 1890 p. 89, 

* Bull, Mus. Comp Zool, at Harvard Col)., Feb 1897, p 167, 
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Families inhabiting the same region, a tendency which is 
so pronounced in the case of the Ithomtinae and Helico- 
ninae that they were long regarded as a single group, 
although the structural differences between them, as larva, 
pupa, and imago, are strongly marked and indicate that 
the first Sub-Family belongs to one side of the great 
Nymphalid family and the second to the op[X)site side. 
This remarkable uniformity in the species of certain 
butterfly Sub-Families was first explained by Professor 
Meldola * on the lines suggested by Dr. P'ritz Muller^ in 
1879, viz. as an adaptation in order to reduce the amount 
of life sacrificed during the period when young and inex- 
perienced insect-eating animals are learning to distinguish 
between palatable and unpalatable (and |>erhaps unwhole- 
some) food. If two species living intermingled and 
equally numerous are superficially exactly alike, and both 
nauseous, each will lose only half the number of indivi- 
duals which would have been required in order to educatt* 
their enemies if they had been dissimilar. I'he sacrifici' 
of life is also reduced by the strong general resemblance 
running through the s|>ecies of each specially protected 
Sub-Family in one country. Such resemblance is by no 
means confined to the Rhopahxrera (butterflies) or the 
Lepidoptera. It is found abundantly in all specially 
defended insect Orders, principally the Ilymenoptera 
If we look at the Australian Aculeata we notice a larqt 
group of species in which the orange ground colour is 
deeper and browner than in banded Aculeata generally, 
while the black zones are broader and fewer, being in lad 
usually reduced to two, one crossing the -thorax, anoth( r 
the abdomen. This very characteristic ar)j>earance is to 
be found in A bispa, liumefus, Alastar, Oaytm'usJhmbiX 
and probably many other genera : it also occurs mimetic 
Diptera {Asilidaq, and Longicom Coleoptera. Here is 
a broad fact which receives an intelligible explanation by 
Natural Selection, but by no other theory which has been 
suggested. We can well understand, on the theory of 
Natural Selection, why the members of specially defended 

' Ann, Mag> NcU, Hitt., Dec. 1883, p. 417. 

-o-« n loo; abo V, 1881. 
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groups should be far more alike than those of others, why 
they should resemble members of other such groups in 
the same region, why they should have conspicuous 
patterns and contrasted colours which in Lepidoptera 
tend to be the same upon the under as on the upper side 
of the wings, why their flight should be slow and flaunt- 
ing, why they should be remarkably tenacious of life. 
Here are a number of important characters associated 
together, and true of all such groups wherever they may 
occur in any part of the world. One theory alone explains 
all the numerous observations which are here condensed 
into a brief statement. It is by no means an assumption 
to maintain that the groups in question are specially 
defended. This is admitted to be the case with the 
Hymenoptera, and there is now a very large mass of 
experimental evidence in the Lepidoptera.* 

Another admitted fact of wide application is the ten- 
dency of Mimetic Resemblance to appear in the female 
rather than the male. Thus mimetic female butterflies of 
many species are associated with non-mimetic males, while 
the converse relationship is almost unknown. Such non- 
mimetic males maintain the ancestral appearance which 
has been lost in the mimetic females. It is interesting to 
observe, however, that more or less distinct traces of the 
original pattern can generally be recovered by the careful 
study of individual variation in the females. This is 
a remarkable reversal of the ordinary rule that when male 
and female differ the latter is the more ancestral. This 
striking exception is quite unintelligible except under the 
theory of Natural Selection, which offers the convincing 
explanation, long ago suggested by Alfred Russel Wallace, 
that the slower flight of the heavier females and their 
exposure to attack during oviposition render it especially 
advantageous for them to resemble conspicuous distaste- 
ful species in the same locality.* 

Another aspect of Mimicry affords, in my opinion, 

* See especially Frank Finn in Journ. Asiai. Soc. Bengal, Ixiv, pt. n, 
1895, p. 344; Ijcv, pt. ii, 1896, p. 42, Ixvi, pt. 11, 1897, p. 528, and 
p. 613. 

* Trans. Linn Soc. Lond., vol. xxv, 1866, p 22 
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perhaps the most powerful argument of all in favour of 
an interpretation based on the theory of Natural Selec- 
tion. If these resemblances are attained by selection 
because they are advantageous in the struggle for life, we 
should expect to find that they are produced in a great 
variety of ways ; for one species would reach the bene- 
ficial end by one path pointed out to it by the structure 
it possessed at the beginning and by the trend of its 
variation, while another species with a very dift'erent initial 
structure would reach the same end by a widely different 
path. Thus many Diptera, for example s|jecies of C'eriii^ 
gain a superficial resemblance to wasps by a narrowing 
in the anterior abdominal region which suggests the 
charactenstic peduncle of a Hymenopterous insect. On 
the other hand, Longicorn beetles of the genus Oder t a 
gain the same effect by a patch of white which obliterates 
the anterior abdominal region with the exception ol 
a small linear remnant rej>resentmg the ]x:diincle.' In 
brilliant illumination the white marking is not seen as 
part of the insect. The resemblance of tin* Locuslul 
Myrinei'opJiana faHaA to an ant is produced in the saiiK* 
manner.' The llomopterous family McmbtainUi ^ .ir* 
characterized by an enormous growth of the dorsal n gion 
of the pro-thorax, which spreads bickwards and in man\ 
species covers the insect like a shield. In the Anuric.in 
species which mimic ants, this shield, and not ilu* iiist ci 
beneath it, becomes ant-like. Some of the larval JA/;/ 
bracidiU laterally coin(>resscd, becoming in the dors.(i 
r^ion as thin as a leaf, and the bc^ly is green like a if it 
while the head and legs are brown. The whole af^jH.i! 
ance is singularly like that of the trof)ical American ant 
Atta [Oecodoma) LCphaloics, carr)ing its leaf vcrticall) m 
its mandibles, and thrown over its back, so that the brown 
head, legs, and part of the body are seen bemeath tb 
green burdenA It is manifestly absurd to ahempt 

* See R. Sbd/ord in Prot. Zooi So(. Jjmd , 190J. pp 23H-40, | - t ^ 

111, fig$. 13, 15. 

* See pp. 15^-7 of the pfcftnt volume, together with P'ig p - 

* See defcnpckm and figure of a fpetimen found by Mr. W L. ^<-I u r 
in British Guiana. PouJtoo, in Pr^i, Zooi Sof. Lmd,, 189*. I’ ^ ' 
pi. iixvi. See also pp. 158-^ of the present volume and Fig, 7-1 ’ ' ^ 
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account for this series of Mimetic Resemblances by an 
appeal to the operation of External or Internal Causes or 
of Sexual Selection. There remains Natural Selection, 
which at once offers a convincing interpretation. Ants 
and wasps are known to be aggressive dominant insects 
avoided by the majority of insect-eating animals, although 
certain species are adapted to feed almost exclusively 
upon them. It is in every way probable that a superficial 
resemblance to ants and wasps would be beneficial in the 
struggle for existence. There is, indeed, some experi- 
mental evidence to prove that real advantage is conferred. * 
We find that species of many groups mimic ants and 
wasps in a variety of entirely different ways The results 
are exactly what might have been predicted to occur if 
Natural Selection be the efficient cause of Mimetic Resem- 
blance. 

The attempt has been made, in recent years, to cut 
away the foundation of an interpretation based on the 
theory of Natural Selection, by calling in question the 
conclusion that butterflies are, as a matter of fact, attacked 
by insect-eating animals such as birds I have recently 
collected J:ogether a great mass of evidence bearing on 
this point, most of it obtained in Mashonaland, South 
Africa, by the admirable naturalist, Mr Guy A K Mar- 
shall. This material conclusively j^roves that the wings 
of fresh unworn specimens of butterflies are constantly 
notched, as if by the attacks of birds and lizards, and that 
in a considerable proportion of the examples the notches 
on opposite sides fit together, proving that the insect was 
seized when its wings were in contact. The attacks are 
most frequently directed to the posterior angle of the 
hind-wing, less frequently to the tip of the fore-wing, still 
less frequently to the intermediate borders and angles. 
The points of attack are those where special marks and 
structures, probably having a directive function, are com- 
monly developed. Thus the tip of the fore-wing is often 
rendered specially conspicuous and the posterior angle of 
the hind-wing is continually produced into so-called ‘tails' 

^ Poulton, Colours of Animals, London, 1890, p 247 : Lloyd Morgan, 
Animal Behaviour, London, 1900, pp. 164-5 
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(Paptlio, Char axes, &c.), which in many Lycaenidae are 
antenna-like and associated with eye-spots, suggesting the 
appearance of a head. The resemblance is further inten- 
sified in the resting position by movements of the hind- 
wings, which cause the apparent antennae to pass and 
repass each other. Such structures and marks are con- 
stantly injured or entirely bitten away in fresh specimens, 
Direct observation of actual attack by birds and lizards 
has also been made by Mr. Marshall and others/ so that 
it may be safely assumed that the doubts thrown upon the 
reality of the struggle for life in butterflies have their 
origin in the want of observation s|jecially directed to this 
end. The majority of naturalist-travellers are chiefly 
concerned with collecting, and it is not surprising that 
many of them have not seen what they never looked for 
If time had permitted, man) other as[)ects of Mimetic 
Resemblance might have been dwelt u|X)n, and it would 
have been found, as it has been found with those which 
I have had the honour to bring to )our notice, that all 
are readily explicable l)y the theor) of Natural Selection, 
but remain mere coincidences under any other alt(Tnati\ e 
theory as yet sugg<‘sted.^ 


APPENDIX 


The evidence collected by Mr (^uy A. K Marshall, 
alluded to on pp. 281-2, is now' published in his great nn 
moir on The Bionomics of South African Inset Is ‘ 1 hr 

* Two members of the Fifth Inlcrnation.il C ongrew» who were pr( m m 
at my lecture informed me afterwards that they had \olnesM.d ^ikIi 
A ttacks. Professor K. P^ard of Geneva mu a bird, probably a sparr()\v, 
persktently pursue and at the third attempt ca|)iurc a white huiioili) 
(probably a species of Pints). The incuknt liaptienrd in die carl> 
summer of 1900, in a park near Genc\a. Mr. F. Muir, of I|)s\silIi, 
Eogiand, expressed surprise that any doubts should ha\e i>cen rai^d 
He bad frequently observed such attacks at Delagot Pay and other 
placet on (he East ccMst of Africa, and had seen birds wailing in trees r 
bushes and dartini; out at butterfiki as they approached. 

* Further evide^ is discussed in (he writer's pa^»cr in ihe purn 
Sec, Zeot^ voL xxvi, p. 558, reprinted as Essay viii in the present \olufn< 
(p. 2 iO\ 

* Trans, Eni. Sec. Lemt.^ 190a, pp. 287-584. 
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indirect evidence supplied by injured specimens of freshly 
emerged butterflies is illustrated in Plates ix, x, and xi, 
and described on pages 366-75 of the paper. The direct 
evidence (pp. 357-66) is so important that, with the kind 
consent of Mr. Marshall, Colonel Yerbury, Colonel Bing- 
ham, and the Council of the Entomological Society of 
London, it is reprinted below — 


12. Records of Attacks on Leitdorteka, especially 
Butterflies, by wild South African Birds, by 
G A. K. Marshall. 

1897 . March 28. While out collecting at Malvern, 
Durban, Natal, I saw a Paradise flycatcher (Terpsiphone 
per spicil lata) catch a specimen of Eronia cleodora. The 
butterfly was hovering over a flower when the bird 
swooped down, seized it ivzth its feet, and carried it off. 

1898 . Salisbury, February 27. Saw a Marico wood- 
shrike [Brady or nis inarujuensis) dart down from a tree 
and catch a Sarangesa ehminata (Holl.), which was sitting 
with* outspread wings on a small plant. 

March 6. Saw a flycatcher [Pachyprora rnolitor) make 
several futile attempts to catch a Tarucus plimus which 
was circling round the bush on which it sat. 

November 23. Saw a bush kingfisher [Halcyon chelicu- 
tensis) catch and eat two butterflies, viz. Junoma cebrene 
and Catopsilia florella, both of which were captured 
when feeding. 

December i. C. F. M. Swynnerton saw a drongo 
[Buchanga ass'imilis) fly past him with a white butterfly 
in its beak, probably C.jlorella. 

December 15. Remains of Papilio demodocus found in 
the stomach of a cuckoo [Coccystes caffer). 

1899 . Salisbury, January i. While watching an Atella 
phalantha hovering over a bush of its food-plant, a Para- 
dise flycatcher [Terpsiphone perspicillata) darted past, and 
with a loud snap of its beak tried to catch the butterfly in 
its swoop. The latter escaped, however, and on following 
it up I found that the tip of one hind-wing had been cut 
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clean off ; unfortunately I had no net and failed to capture 
the insect. 

Swynnerton shot a hobby (Falco subduieo), which had 
in its stomach an almost complete Terias. The thorax 
and abdomen were quite uninjured, but the tips of the 
fore-wings were gone. 

April 26. I was watching a drongo hawking insects 
from the top of a dead tree ; there were many Pierinac 
about, chiefly Teracolus and Belaiois, but the bird paid 
not the least attention to them. At last a Beltnois came 
by which had its wings very much shattered, so that its 
flight was weak and erratic , the drongo observed it at 
once, and swooped down on it, but I saw the butterfly 
drop into the long grass. Whether it was injured by the 
bird I could not sa)’, as I was unable to find it, and I did 
not see it rise again. This episoile would p>oint to the 
conclusion that the fact that birds refrain from pursuing 
butterflies may be due rather to the difficulty in catching 
them, than to any widespread dislastefulness on the part 
of these insects. 


1900. C. F. M. Sw)nn(!rton wrote from Gazalaiul 
‘In March [1900] 1 saw a Praliniola ionjuata [South 
African slonechatj in chase of Tarucu^ pliniu^. Had it 
not been frightened off by coming face to face with nu', 
it would undoubtedly have caught it. I think I told )()ii 
long ago of having found the wings of a lot of butterflies, 
P.corinncus, below the branch of a tree on whidi 
some swallows were constantly settling.' 

May 13. Salisbury. Saw a drongo {Btuhanj^a as\i- 
milii) swoop from a tree and catch what I took to b( 
an injured Belenois, which it dropped almost at once. 

I marked the insect down, and found it to be a common 
white moth of the distasteful genus Diacrhia (/I nann- 


losa), I 

December 17, Melsettcr, 5,500 feet, Gazaland 
A specimen of the large, conspicuous Hypsid moth L all 10- 
ra/ts bellairix was seized and rejected by a drongo. 
undoubtedly a young bird, judging ^ its plumage. [ 1 
moth, which is now in the Hope Department, has lost 


epartment, has lost 


most of the head, but is otherwise uninjured.— E. 13 . 1 
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13. Records of Attacks on Butterflies by wild Birds 
IN India and Ceylon, by Colonel J. W. Yerbury, R.A. 

[Colonel Yerbury has kindly extracted from his notes 
all the observations he has made bearing on this inter- 
esting question. — E. B. P.] 

About the year 1884 a discussion arose in the Bombay 
papers as to whether birds preyed on butterflies, and the 
general opinion expressed was that it was comparatively 
rare for them to do so. In common with some other 
members of the Bombay Natural History Society, I deter- 
mined to watch and note the results. My records taken 
from old diaries are as follows — 

1884. Neighbourhood of Poona and Aden. None. 

1885. 23. Aden, Campbellpore, and Murree 
Hills. Road up Thundiani, near the Kala Pani Bunga- 
low. Saw a young king-crow, Dicrurns a ter, stoop at 
a big blue Papilio, either F. polyclor or P, arcturus, and 
miss it. The bird did not repeat the attempt. 

1886. September 2. Campbellpore, Thundiani, &c. 
Road up Thundiani, near top of the hill. Saw a young 
kin^-crow stoop at a specimen of Vanessa kasckmirensis, 
and after' missing it once take it at the second attempt. 
Did not notice whether the insect was eaten. 

1887. Rawul Pindi and home, via Japan and America. 
None. 

l888-g. At home. 

1890. June. Ceylon, Trinkomali. No record. 

1891. November 14 On the Kandy Road between 
Trinkomali and Kanthalai, butterflies in great numbers 
sitting on the wet mud by the roadside ; chiefly Pierhiae 
[Catophagd), but a few P, ?i 07 mus with them. These 
butterflies rose in clouds as one drove past. A bee-eater, 
Merops philippinus, kept flying in front of my carriage 
and taking specimens of these butterflies as they rose. 
The bird seemed to select the yellow females, which are 
rare, the white females being to them probably in the 
proportion of 100 to i. These flocks of butterflies often 
unite and form what are known as snowstorms in Ceylon ; 
they then migrate right across the island. 
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These bee-eatcrs were often seen catching Pierinae\ 
in fact, it seems to have occurred so often that I ceased 
to record the fact, for I can only find this one reference. 
Probably the attacks were always witnessed at the begin- 
ning of the N.E. monsoons during the time of the heavy 
rains, i.e. September to December. 

I am not certain as to the date on which I saw 
the Ashy swallow-shrike {Artamus fuscus) catching 
specimens of the Euploea, Crcistia core. The fact is 
associated in my mind with a particular place, and with 
the capture of Charcixes psap/wn ? there. This is recorded 
for April 12, 1891, so this may be the correct date on 
which I watched the bird. At least six sj^ecimens of the 
Crastia were captured by the shrike, all of which it carried 
away to a branch high up in a big tree, but I could not 
sec whether they were eaten. 

As regards my experience of birds catching butterflies, 
it appears to have occurred more frequently in damp 
than in dry districts; e.g. it was fretjuent in Ceylon, rare 
in places with moderate or small rainfall, such as Camp- 
bellpore, Poona, and Aden. 

In my opinion an all-sufficient reason for the rarity of 
the occurrence exists in the fact that in butterflies the 
edible matter is a minimum, while the inedible wings, 
&c., are a maximum. 

[See Proc. Zool. Soc, 1887, P- 210, where Lepidoptera 
and especially butterflies arc s|x)ken of in almost exactl) 
these terms, as a suggested explanation of the fact that 
lizards, although they eat them, greatly prefer flies or 
cryptic larvae. — E. B. P.] 

14. Records of Attacks on Bitterflies, &(., uv 
Burmese Birds, by Colonel C. T. Bingham. 

[Colonel Bingham has kindly sent me the following 
extracts from his 1878 diaries, for incorporation in the 
present memoir. — E. B. P.] 

' 23. Marched from Kawkaraik to Thinganyina 

ung, fourteen miles. Started about 7.45, rather late as 
there was some difficulty in collecting the elephants this 
morning. . . . The road, a mere jungle path, followed 
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the course of the Akya Chaung, a feeder of the Haun. 
draw River, and crossed the little stream some twenty or 
more times in the first six or seven miles before turning 
up the hill to the Taungyah Pass in the Dawnat Range. 
From the outskirts of Kawkaraik right up to Thinganyina- 
ung on the other side of the Pass, the road goes through 
dense evergreen forest, and consequently the collecting is 
very good on this road, both for insects and birds. To-day, 
the day being hot, butterflies, bees, and dragon-flies 
swarmed, and at every opening of the Chaung I found 
crowds seated on the damp sand apparently sucking up 
the moisture. Collecting as I went, it was past eleven 
o’clock before I got to the foot of the Pass. I was hot 
and a bit tired, so I sat down on a fallen tree to rest, just 
before crossing the Akya Chaung for the last time. I had 
not been seated many minutes, looking at the swarms of 
butterflies, bees, and dragon-flies, which were flitting about 
or sitting on the sands, when my attention was attracted 
by a bird, a bee-eater (Merops swmhoei), which, swooping 
down from a tree overhead, caught a butterfly, a Cyrestis, 
within a few paces of me. The bee-eater seemed to catch 
the butterfly with ease, and I distinctly heard the snap of 
its bill. Then, holding the butterfly crossways, the bird 
flew back to the tree, and sat still for a minute or so, then 
came a little jerk of the head, and the wings of the butter- 
fly came fluttering to the ground, while the body was 
gulped On the same branch some four or five more 
bee-eaters of the same species were seated, and as I sat 
very still, one after another these birds swooped close to 
me, sometimes after a butterfly, sometimes at a bee or 
a dragon-fly. More than once I saw a bird miss a butter- 
fly, when the latter would dodge and try to get away 
among the bushes of the dense undergrowth around, but 
only very seldom was this successful, for the bird would 
hover and twist and turn in hot pursuit, and generally 
managed to catch the insect. I was greatly interested, 
for though I had seen both bee-eaters and king-crows 
(Dicrurus) go for butterflies and moths, this was the 
first time I had witnessed a continuous hawking of butter- 
flies on the part of birds. I sat for nearly half-an-hour 
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mtchmg. The birds seemed to swoop only for the insects 
flying about, never at those on the ground A drove of 
pack bullocks, with their shouting Shan drivers, coming 
down the road frightened the bee-eaters, and they flew 
off. 1 got up and prepared to start uphill, when it struck 
me that it would be interesting to see what species of 
butterfly had been taken by the bee-eaters, so I set to 
work and collected all the loose wings I could find. I did 
not get many, for the undergrowth was very dense, and 
the wings dropped in it were dififtcult to find. Also the 
place swarmed with ants ; I could see them on all sides 
carrying off whole wings, or |X)rtions bitten out of them. 
Again, I was pressed for time, so that I managed to get 
together only nineteen wings, most of them odd ones, 
luckily, ... I have just sorted out and put aw'ay my 
collections of the day. The butterflies hawked and eaten 
by the bee-eaters belong to the following species — Papiho 
eritkonius, P, sarpeden, Charaxes athamas, Cyrestis thyo 
damns, and Tenas ke^abe, A meagre list, for I am certain 
I saw the bee-eaters swoop for and catch Prionens, Hebo- 
moia, yunonta, and Precis. I also fwirticularly noticed 
that the birds never went for a Danais or Euploef, or 
for Papilto ntacareus, and P. xetiocles, w'hich are mimics 
of Danais, though two or three species of Danais^ 
four or five of Euploea, and the two above-mentioned 
mimicking Paptlios simply swarmed along the whole 
road/ * 

Looking through my diaries I find more scattered notes 
of my having witness^ birds swoop for and catch butter 
flies and moths, but these were solitary incidents, and 
only slight mention is made of them in the diaries, with 
one exception, which is given below : — 

* Camp Wabosakhan, December 3, 1891. . . . Going 
through some fairly open jungle close to the mai^ road I put 
up a Melaniits dtenius, which fluttered across the road and 
was swooped at by a king-crow (DicrurusY but missed , 
the butterfly dodged, got to the other siae of the road 

M did not then radiie the imporunce of mj find, or I should have 
apiifd more time fer the coOectk)f) of the feflw wings of the butter 
met, iod ttken more arc of tbem.— C T. B, 
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and dropped to the ground among the herbage and fallen 
leaves, as is the habit of Melanitis, The king-crow 
hovered for a minute not three feet from the ground 
over the exact spot where I had noticed the butterfly 
drop, failed to see it, flew off, but returned and again 
hovered over the spot, but was again unsuccessful, and 
flew up to a tree. I went forward very cautiously, and 
having carefully noted the spot where the butterfly had 
dropped, was enabled to make it out, but not till after 
fully ten minutes of patient and very cautious looking. 
The Melanitis was there among dead leaves, its wings 
folded, and looking for all the world a dead dry leaf itself. 
With regard to melanitis, I have not seen it recorded 
anywhere that the species of this genus when disturbed 
fly a little way, drop suddenly into the undergrowth with 
closed wings, and invariably lie a little askew and slanting, 
which still more increases their likeness to a dead leaf 
casually fallen to the ground. 

‘ Only once again did I see the systematic hawking of 
butterflies by birds. The second occurrence was also by 
bee-eaters ; this time it was the large Merops pkilippinus. 

I had* beer; up in the Salween forests beyond the great 
rapids, and had managed to get a bad bout of fever, which 
necessitated my returning to Moulmein, my headquarters. 

It was a hot steamy day in October, and I was lying with 
the hot fever fit on me in the boat on the Salween below 
Shwegon, when I noticed clouds of butterflies, chiefly 
Catopsilia, migrating, crossing the Salween from east to 
west in a continuous stream. These were being persis- 
tently hawked by the Merops, mixed with which were 
some king-crows.’ 

With regard to Microhierax coerulescens catching butter- 
flies, I find the following note : — 

' March 20, i88i< . » . Passing through a taungyah on 
my way back to camp, I noticed a number of butterflies, 
some seated, some hovering round a spot where some 
Karens had been eating their food, and had left some rice 
and gnapi scattered on the ground. I was approaching 
the butterflies cautiously to see what species were there, 
when a small black-and-white bird came down from a tree 

u 
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close by and perched on the ^ound close to one little 
mob of butterflies busy feeding away on the pupi. 
I recognized the bird at once as me pigmy hawk {Micro- 
kierax coerulesceKs), His coming flop down close to the 
butterflies disturbed some, but not all. A few were too 
intent on their meal. The hawk sat for fully two minutes 
looking at the butterflies, then he crouched as birds do 
when they are about to rise, and next moment, with a quick 
snatch, he had taken a butterfly in his claws, and was 
flying to the nearest tree. Though I was watching intently 
I am quite unable to say whether he took one of the sitting 
butterflies or one that was flying about. I watched him 
eat the insect, which he held with his claw against the 
branch on which he was seated, and he tore at it just as 
the larger hawks do with their prey. I wanted a specimen 
of the bird, so shot it, and afterwards picked up the wings 
of the butterfly he had eaten ; it was a Papilio sarpedon! 

N.B. — That same specimen of Microhicrax is now, 

I believe, in a small case by itself in the bird gallery of 
the British Museum. 

[Colonel C T. Bingham has also made some interesting 
oteervations on the use of insects’ wings as a pad at the 
bottom of a hole in a tree, forming the nest of this same 
species of bird, the falconet Microhicrax coeruUscens, Linn. 
{M.eutolmus, Hodgs.). The following account is quoted 
from Stray Feaih^s (vol. v, no. 2, June, 1877, pp. 79- 
8r). The observations were made in the 'Government 
Teak Reserve on the Sinzaway Chaung, a feeder of the 
Yoonzaleen River, which it enters about two days' march 
below our frontier station of Pahpoon in Tenasserim.’ 
The nest was found on April 14, ' in a hole on the under 
side of a decayed bough of a mighty Pymma tree {Lager- 
siromia Flos Reginaql The four eggs were found to be 
'stained byresting on the broken leaves, wings of dragon 
fliw, and bits of wood which composed the nest The 
editor appends to this account a note of Davidsons which 
had betm in his possession for ytsan* On March 25 the 
nest of MicroAiirax fringiUartus, Drap.^ was examined. 

It had beonnade in a hole in a di7 tree 10 an old taungyah 

(clearing} ' near Bankasoon at the eatreme south of Tenas- 
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scrim ’* ‘At the bottom of the hole, which was about 
eighteen inches deep, was a soft pad composed of flies 
and butterflies wings, mixed with small pieces of rotten 
wood,* 

In March, 1878, Colonel Bingham found a second nest 
of the same species (J/, coerulescens) which he sent to the 
late Mr. de Nic^ville in order to ascertain the species of 
insects which had been made use of. Mr. de NicdviJle 
wrote as follows : — 

‘The fragments of butterfly wings }ou send are as 
follows : — 

No. I. Portion of fore-wing of Papilio caunus. 

„ 2. Fore- and hind-wing of Mycalesis perscus. 

,, 3. \\\wAr\i\x\go{ Papilio erithonius. 

„ 5. Portion of fore-wing of Junonia orithyia. 

,, 4, 6, 7, 8, 9, too fragmentary to make out, but 
seem to belong to some species of the Lycae- 
nidae, 

,, 10. Half of fore-wing of Charaxes sp. (.^) 

,, 1 1. Portion of hind-wing of Syynphaedra dir tea ?. 

„ 12 to 17 are the wings of dragon-flies.’^ 

A passage from another letter of Mr. de Nic6ville to 
Colonel Bingham indicates in a different manner the 
severity of the nearly unseen struggle for existence which 
butterflies of certain genera pass through. The wings 

^ In the Zoologist (4th Series, vol v, 1901, pp 224, 225) Colonel 
Bingham states that he found, on April 23, 1899, a nest of the same 
species of pigmy falcon in a hole on the under side of a branch of a dead 
tree ‘in a deserted taungya alongside the high road leading from 
Thabeitkyin, on the banks of the Irrawaddy above Mandalay, to Mogok, 
the site of the famous ruby mines of Upper Burma \ The hole had 
evidently been made by a Barbet. It was 1 5 inches long, and at the end 
was slightly enlarged into an oval chamber containing ‘ a fairly firm pad 
of chips of wood, a few leaves, with an upper stratum quite two inches 
thick composed almost entirely of the wings of Cicadas, with a few 
butterfly and moth wings interspersed therein.' There were no eggs or 
nesth'ngs. ‘ Further south, in Tenasserim,' Colonel Bingham continues 
( 1 . c. p. 225), T found the eggs of this Falcon in a precisely similar 
situation early in April, as well as I can remember. That nest wa$ 
composed almost entirely of butterfly wings.* Colonel Bingham informt 
me that the last-named nest was the one, described above in the teit^ 
which was found in March 9878, and fUmished the wings named W 
<I»HicdvilJc.‘ 

U 2 
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seat by Colonel Bingham wer^ found by him in 1888. 
Mr. de Niciville wrote concerning them : — 

‘See p. *75 of vol. ii. of my Butterflus. Ferguson 
found a single wing of Charaxts schreiberi in Travancore 
on the ground. It is curious that the only record so far 
of the same species from Burma should be the three wings 
you send me, which you say you found on the ground.’ — 
E. B. P.] 
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THE PLACE OF MIMICRY IN A SCHEME 
OF DEFENSIVE COLORATION 

The title of this essay formed the subject of a lecture on Mimicry^ 
delivered September 5, 1890, before the British Association at Leeds, 
and published in abstract in Nature^ October 2, 1890, p. 557. The 
attempt has now been made to bring this lecture up to date by including 
a biief account of the most important results which have been published 
since its delivery, such as those contained in the writer's article on 
Colours of Animals /, Bionomics in the Encyclopaedia Brtianmcay vol. xxvii, 
1902, pp. 146-50, and in numerous memoirs and short communications 
by Dr. F. A. Dixey, Mr G. A. K. Marshall, Mr, R. Shelford, Mr. F, 
Memfield, Mr. A. H. Thayer, Mr. W. J. Kaye, Mr. S. A. Neave, Mr. F, 
Finn, Dr, G. B. Longstaff, Mr. W. Holland, Mr, A. H. Hamm, the author, 
and others. The examples brought forward as illustrations at Leeds 
are, except when otherwise indicated, marked by asterisks. 

In this ess^y the word ‘group' is employed to express an arrange- 
ment based on affinity, the word ‘combination' or ‘association' to 
express an arrangement founded on bionomic relationship. Thus a genus 
or family is spoken of as a group, a set of Mullerian modais and mimics 
as an association or combination. 
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I. CRYPTIC COLOURING, OR PROTECTIVE 
AND AGGRESSIVE RESEMBLANCES ; 
-PROCRYPTIC AND ANTICRYPTIC 
COLOURS. 

The commonest use of colour is for concealment 
‘enabling an animal to escape its enemies, or 
to approach its prey. In these Protective {Procryplic) 
or Aggressive {Anticryptic) resemblances, animals are 
concealed by a likeness to some object which is of 
no interest to enemies or prey respectively. Similar 
effects may be produced by the use of foreign objects 
with which the animal covers itself to a greater or 
lesser extent (Allocryptic), 

A. Procry PT ic, or Protective Resemblance. 

a. General ProtecHve Resemblance , — In this form of 
concealment the animal, in consequence of its colour- 
ing, produces the same effect as its environment, but 
the conditions do not require any great or special 
modification of shape and outline. This method of 
concealment is chiefly found among the animals 
inhabiting some uniformly coloured expanse of the 
terrestrial surface, such as an ocean or a desert. 
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On the surface of the ocean it is common for 
animals of all shapes to be protected by their transpa- 
rency and often by a blue colour : on the desert equ^ly 
diverse forms are defended by their likeness to the sand. 
Modification bf shape in tne direction of flattening 
occurs in some species. The elimination of shadow, 
to be described below, is of the utmost importance on 
such a strongly lighted surface as the desert. 

The effect of a uniform appearance may be pro 
duced by a combination of tints in starding contrast 
Thus the dark and light stripes of the zebra blend 
together at a little distance, and ‘ their proportion is 
such as exactly to match the pale tint wdu'ch and 
ground possesses when seen by moonlight '.' 

6, Special ProUitive Resemblance is far commoner 
than general, and is the form usually met with on the 
diversified surface of the earth, on the shores, and in 
shallow water, as well as in the masses of Al^ae floatini; 
on the ocean, such as those of the Sargasso Sea. 

In these environments the Cryptic Colouring of 
animals is usually aided by special modifications ol 
shape, and by the instinct which leads them to assiinu 
particular attitudes. Complete stillness, *and ’ the 
assumption of a certain attitude also play an essential 
Mit in General Resemblance on land ; but in S|>ecial 
Kesemblance the attitude is often highly elaborated 
and perhaps more important than any other element 
in the complex method by which concealment is 
effected. In Special Resemblance the combination ol 
colouring, shape, and attitude is such as to produce 
a more or lets exact resemblance to some of the objects 
in the environment, such as a lump of earth, a stoiu . 
a leaf or twig, a patch of lichen, or flake of bark. I he 
anima] is not merely hidden from view by J)ecoming 
lodistii^uudiable from its background, as in the case ol 
GeMraf Resemblance, but it is mistaken for some well 
known oMect d* no interest to its enemy. 

A good example in the shallow seas round our coasts 
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IS seen in the green pipe-fish {Siphonostoma typhU^Y con*» 
spicuous in the weedless water, but well concealed among 
the leaves of Zostera. The brown Lappet moth 
{Gastropacha qtiercifolia^) conspicuous on a smooth deal 
board, but well concealed among dead leaves, serves to 
show that colour and shape cannot be correctly inter- 
preted except by reference to the natural environment 
Many examples of the Protective Resemblance to dead 
leaves are given on pp. 203-6. Mr. Abbott H. Thayer 
has pointed out ^ that many species bear upon the under 
surface of the wings the representation of shadows as 
they are cast by such thin objects as dead leaves lying 
one over the other on the ground. 

I. The NetUralization of Shadow. — The colours of 
large numbers of animals are darkest on the back, 
becoming gradually lighter on the sides, and passing into 
white on the belly. Abbott H. Thayer^ has suggested 
that this gradation obliterates the appearance of solidity, 
which is due to shadow. A colour-harmony, which is 
also essential to concealment, is produced l^ause the 
back is of the same tint as the environment (viz. earth), 
batljed ir^ the cold blue-white of the sky, while the belly, 
being cold blue-white bathed in shadow and yellow 
earth reflections, produces the same effect. Thayer has 
made and presented models to the Natural History 
Museums of Oxford, Cambridge, and London, which 
support his interpretation in a very convincing manner. 

Special resemblances to twigs, upright stems, &c., are, 
Mr. Thayer considers, represented upon a background in 
which the shadow is neutralized as described above. 
Hence the background, viz. the animal’s body, disappears, 
while the markings upon it are alone distinctly seen. 

For ages the artist has known how to produce the 
appearance of solid objects standing out on his canvas, 
by painting in the likeness of the shadows. It has 
remained for this great artist-naturalist to realize the 

^ The asterisk added to this and the following examples indicates that 
they were employed as lecture illustrations at Leeds in 1890. 

• Trans, Eni, Soc., Lond,, 1903, p. 557. 

* TAe Auk, vol. xiii, 1896, pp. 124 and 318. 
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logkftt antithesis, and show how solid objects may be 
mack to fode away and become ghost-like, or even 
invisible, by painting out the shadows. 

Twenty years ago the present writer recc^ized the 
importance of the neutralization of shadow fay a com- 
pensating lightness of tint, for the purpose of conceal- 
ment But this was only in particular examples, — 
a certain Gcometrid larva, ^ and a chrysalis* — and the 
£dU*-reaching si^ificancc of the principle was unseen until 
A. H. Thayers great discovery in 1896. 

2. Adjustable Neutralization 0/ Shadow, — An adjust- 
able form of Thayer's principle was discovered in the 
chameleon in 1905, when Dr. G, B. Longstaff, Pro- 
fessor C. V, Boys, and the present writer observed that 
the illuminated side of the South African ChamaeUo 
pumilus is darkened, the side in shadow brightened in tint. 

These pigmentary changes neutralize the effects of 
differing illumination on the two sides, and thus remove 
the af^^earance of solidity.^ 

3. rhe Reduction of Shadow by Attitude. — It has 
been shown, especially by Dr G. B. Longstaff,^ that 
many butterflies, when they come to rest, turn the axis of 
the t)ody so that the head is away from the sun. In 
this position, when the wings are raised, the shadow cast 
is a mere line and inconspicuous. In other positions the 
broad wings of a butterfly cast a shadow which, when 
the axis of the body approaches a right angle to the sun. 
may be far more conspicuous than the insect itself. 
Many Satyrinc butterflies, when they come to rest, have 
a pronounced tilt to one side or Mist '.* It is probable 
that this attitude also is valuable in reducing the 

* Jiatu, Kni, See., Lfimd., 1887, j>p. M9S-4. 

* Trout £u/, Sae^ Lemd., 1888, pp. 595-7. 

* An jccoam of tk obtemtions wu read before The Linhun Soi idy 

Miidi, 1907. See Zeei Joum. Lmm, Soe.t vol. xxx, i>. 45 

* Thm* JBul &r,, Lmd., 1905, p, 135 ; 1906, p. 97. 

* Set Dr, iMpZdti p«pen rtierred 10 ia the Above note : 

Cotaid ttaghtm'i obierrtikioi 00 MtkmUit quoted o» p. 

pRMt wdmmt* Confawtery obatrratioDt on the ume genus huve 
been made by Mr, E. £. Greea Zerkmko, voL U, Ft. vi August 

1904. p. 7*), UMt Mr. T. R. BcB {hu. Mt. i90«. P- » 6 ) 
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shadow. Many years ago I observed a Green Hair- 
streak Butterfly (Thecla rubi), which, when it settled on 
a leaf, let itself down on one side so completely that it 
seemed to lie flat on the surface. The obliteration of 
shadow was very marked, and forced itself upon me at 
the time as the significance of the attitude.^ 

4. The Choice of Appropriate Surf cues upon wkUk 
to Rest, — Dr. F. A. Dixey ^ and Mr. A. H. Hamm ® have 
produced evidence which suggests that the Small 
Garden White, Pieris rapae, tends to select white sur- 
faces upon which to rest for the night. An observa- 
tion made by Dr. T. A. Chapman * upon CoUas edusa 
supports this conclusion. Dr. Dixey and Dr. Longstaff 
have observed an analogous instinct in Eronia cleodora ^ 
in South Africa, and have published many records of 
similar observations on other species.® Mr. Hamm’s 
records and photographs of British moths in their 
natural attitudes of rest on bark or stone also show 
the same co-operation of appropriate instinct with a 
Procryptic colouring and form. The manner in which 
one of the moths observed by this keen naturalist brings 
the jnain^lines of its pattern into parallelism with the 
main lines of shadow in its immediate environment has 
already been described on p. 156. 

5. The All-Importance of Instinct in Bringing About 
Protective Resemblance. — The appropriate instincts form 
probably the most important and essential element in 
Procryptic Defence. Several examples have been given 
in the two preceding paragraphs, and many others will 
be found on pp. 154-66 of the present work, where it 
is shown that the appropriate actions are performed 


* Proc. Ent. Soc ^ Lend., 1906, p. xxviii. 

’ Tram, Ent, Soc.^ Lond.^ 1906, pp. 116-17. 

® Proc. Ent. Soc., Land., 1904, p. Ixxv; Proc. Ent. Soc.y Lond.^ 1905, 
p. Ixxiii ; Proc. Ent. Soc., Lond., 1906, pp. c, ci. 

* 1. c. 1905, p. Ixxv. 

® Trans. Ent. Soc., Lond., 1906, pp. 1 13-14 ; 1907, pi. xxv. 

* See Longstaff in Trans. Ent. Soc,, Lond., 1906, pp. 1 13-17. A large 
number of Dr. Dixey's observations are recorded in this paper. ^ 
Dixey in Proc. Ent. Soc., Lond., 1906, p. xxix. 

’ Trans. Ent. Soc., Lond., 1906, p. 483, pi. xxix. 
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without intelligience^ under the compulsion of hereditary 
mechanisms forming part of the nervous system. 

6. The HyperUly of Brunner von Watienwyi — The 
very perfection and minute detail of certain Cryptic 
Resemblances have been used as an argument that they 
cannot have been produced by the operation of Natural 
Selection. Thus in the likeness of butterflies to dead 
leaves, described on pp. 203-6, or in that of the South 
American moth, Draconia rusina,^ to a leaf attacked by 
a fungus which has ‘ skeletonized ’ certain parts, and is 
still at work upon others — in cases such as these it is 
sometimes objected that the detail goes beyond what 
can be conceived of as advantageous in the struggle for 
life. The particular examples which led Brunner von 
Wattenwyl * to suggest the term ‘ Hypertely’, were the* 
South American Lwustids of the ^enus Pterochroza 
He considered that the exposed antenor wings of certain 
spedcs resembled leaves bearing the tracks and marks 
of leaf-mining larvae. The same argument is sometimes 
employed in relation to the remarkably detailed resenv 
blances of mimicry, All such criticism is founded on 
our imperfect knowledge of the struggle for exist(;?nc( 
The impressions and judgements of man are immensel} 
influenced by the ‘corroborative detail giving ‘artistic 
verisimilitude to a bald and unconvincing narrative 
Indeed, the laughter which is invariably raised by thi^ 
passage from The Mikado is. I have always thought 
not only or chiefly due to the humour of the application, 
but to the in which a great and familiar truth breaks 
in upon the listener with ail the pleasing surprise which 
belongs to epigram. Birds, the chief enemies of insects, 
are known to nave powers of sight far superior to those 
of man, and, from our experience of them in captivity, it 
may be safely asserted that their attention is attracted 
by excessively minute detail. Until our knowledge of 
the struggle for life is far more extensive than at present 
the argument founded on Hypertcly may be left to 

» Pref. Emi, Sei^ Imi^ 1906, p Ixxviil. Thw/. Eni. See., Lend., 1 9°^- 
p 533 * pl' 

* Ytrk mL4e(. Qm, Wm,, tSSi* p 
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contend with another argument often employed against 
the explanation of Cryptic and Mimetic Resemblance by 
Natural Selection. Hypertely assumes that there are 
unnecessary details in the resemblance, that the resem- 
blance is perfect beyond the requirements of the insect : 
the second argument maintains that birds are so 
supremely sharp-sighted that no resemblance, however 
perfect, is of any avail ag^ainst them. In the meantime 
the majority of naturalists will probably reject both 
extremes and believe that the enemies are certainly 
sharp-sighted and successful in pursuit, but that perfection 
in detail makes their task a harder one, and gives to the 
individuals possessing it in a higher degree than others, 
increased chances of escape, and of becoming the parents 
of future generations. 

7. Hours during which tfie Struggle for Life is most 
Severe , — In any attempt to understand the details of the 
struggle, it is essential to ascertain its relative severity 
during the various periods of the day and night. Mr. N. 
Annandale ^ has observed that certain Siamese insects 
were active during the hottest hours of the day, a time 
wheij the j^irds did not hunt for food, and that conversely 
the same insects were rarely either seen in motion or found 
at rest during the cooler hours of daylight, when enemies 
were busily at work. Dr, G. B. Longstaff^ has also 
suggested as a result of his experience in South Africa, 
that the Cryptic colouring, attitudes, and instincts of 
butterflies must be considered in relation to the large 
number of hours of daylight during which they are in the 
condition of complete rest 

8. The V %hie of Brightly-coloured Surfaces Concealed 
during Best.—The brightly coloured hind wings of many 
moths (Catocala, Tryphaena, &c.) and grasshoppers 
{pedifoda^ &c.) which flash out conspicuously when the 
insect becomes active, and disappear equally suddenly 
when it alights, probably serve, as Lord Walsingham^ 
has suggested, to confuse a pursuing enemy. The same 

* Proc, Phys. Soc^ Edtnb,^ 1900, No. xzix, pp. 430**44. 

* Trans, Eni, Soc., Land,, 1906, p. 118. 

* Proc, Eni, Soc,^ Lend,, *890, pp. Wii. 
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rattffpretation was offered by the late Mr. J. Jenner Weir,' 
who brought forward evidence that the bright colours 
are also of value in diverting the attention of an enemy. 
Hence the insect is likely to be seized by the fragile 
hind wing, and to gain an additional chance of escape. 
The hind wings of recently emerged moths are often 
found chipped and torn as though they had been seized 
in this manner. Protection afforded in this latter way 
perhaps belong more properly to a section of the 
succeeding division of the subject — Warning or Apose- 
madc Colours (sec p. 335). 

9. The Gr^arious Habit may assist Cotuealmettl . — 
Although the gregarious habit is more commonly asso 
dated with, and tends to intensify the effects of Warn 
ing Colours, examples are known where cryptic larvae 
packed closely side by side produce the appearance 
of a brown patch on a leaf. \VhiIe some of the details 
of the resemblance of a group of African F/aiidai 
(Homoptera), as described and figured by Professor 
j. W. Gregory,* have not been supported by later 
observations, yet the main conclusion that they represent 
together a cluster of flowers ami unopened. buds has 
bew entirely confirmed.’ 

10. Adjustable Prolectivc Resemblance. — In this, the 
highest and most t)erfect form of concealment as an aid 
in the struggle for life, an individual can change its colour 
into any tint which would be appropriate in any environ 
ment normal to the species. Such changes are of two 
kinds 

a. Rapid, a response to Dynamic Conditions, in which 
owing to the rapid movements of the organism one 
environment it exchang^ for another with speed, and 
ven number of times. In such forms the adjustment i'. 
effected rapidly, and can be effected any number pf times 
A Slow, a response to the Static Conditions of 

■ Trwu. Eut. Sk., Lead, iMo, pp. >*-3. „ , 

• m Ormt EM Loadoo, iM. Froniipiecc 

• 7/wi.JEwJ^.,Z«Mf;i90t,p. 69 s: im ^ 
niMWlMtfoa in FL xivi of Mrs. Hinds's thtwingt «f s doater of livmg 



IN DEFENSIVE COLORATION 305 

sedentary organisms, a r^ponse nevertheless necessary 
when the individual may find itself placed in any one 
out of several differently coloured environments. In 
such cases the adjustment is comparatively slow and the 
result long-continued, so that the individual can only 
adapt its colours once, or at most a few times in the 
course of its life. 

Rapid Adjustable Protective Resemblance is suited to 
wanderinpf forms which must in the course of their lives 
continually pass and repass over environments of different 
colours. It is widely found in fish, and also in Amphibia 
and Reptilia, the chameleon affording the classical 
example. It is also well known to exist in Crustacea 
and Cephalopoda (Cuttlefish). All these rapid changes 
of colour are due to modifications in shape or position 
of superficial pigment cells controlled by the nervous 
system. That this control is itself regulated by the 
stimulus of reflected light, through the medium of the 
eye and optic nerve, has been proved in many cases. 

Slav Adjustable Protective Resemblance is found in 
sedentary animals passing their life in a single environ- 
ment which, however, may be very different in the case 
of different* individuals. Thus, in many a species of moth 
the eggs are deposited now on trees with twigs of one 
colour now of another, on young trees or on those with 
old lichen-encrusted branches. One caterpillar will wander 
on to a surface of one colour, another on to a surface of 
a very different colour, in order to become a chrysalis. 
In all such cases the power of colour-adjustment is only 
needed once, or at most, in certain wandering larvae, two 
or three times. 

Such changes, so far as they have been studied, appear 
to be produced through the nervous system, although 
the stimulus of light probably acts on the skin, and not 
through the eyes. Parti-coloured surfaces do not pro- 
duce parti-coloured chrysalises, probably because the 
antagonistic stimuli neutralize each other in the central 
nervous system, which then disposes the superficial 
pigments so that a neutral or intermediate effect is 
produced over the whole surface. 
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It has been contended by Mr. W. Bateson ' that there 
is no struggle for existence during the pupal stage of 
Vanessa urticae (the Small Tortoiseshell Butterfly), and 
that, therefore, its power of colour-adjustment is not 
related to any danger, and cannot have ^en evolved by 
Natural Selection. An attempt has been made by Miss 
C B. Sanders, Miss M. E. Notley, Miss F, A. Wright, 
and the author to test this conclusion by cx{X)sing the 
pupae of uriicaedLiid allied species upon environments of 
various kinds, and keeping a careful watch upon them 
The results, of which only a preliminary statement has 
been published,*' prove that there is immense destruction 
during the pupal period, short as it is, and that thes( 
angular chrysalises fixed to flat surfaces were in far 
greater danger than when suspended against a rough 
background. On the other hand, the evidence of pro 
tection afibrded by colour-harmony with the environment 
was far less clear m the.se experiments. 

The power of individual colour adaptation known to 
exist in many larvae and exposed pupae of Lepidoptera 
received a striking and novel illustration in some expen 
ments conducted at Oxford in i89 t-4.® The larvae of 
the Gcometrid moth Odoniopera bidtnlata were found 
to be extremely sensitive to the various shades of brown 
and grey, colouring the bark of their natural food-plants 
The green of the leaves, on the other hand, did not 
produce green but extremely pale brown caterpillars 
It is to ^ noted, furthermore, that the larvae do not 
rest on the leaves by day, but only on the twigs and 
branches. So far. the experiment was conducted aloni; 
the same lines as the earlier investigations, and yielded 
similar results. The exposure of the larv'ae to lichen 
covered branches produced effects unseen in previous 
experiments, viz,, brown, bark-like larvae, bearifjg green, 
licneo^like markings. The contrast between the effecc ol 
the continuous pecn surfaces of the leaves and the scat 
tered green of toe licben was remarkable and striking. 

^ Trmu, £mi, Lmd^ pp. i ^ 1*13. 

• /tmrtifeki BrOuk AsrnnUim, BHrtol Mcedng, PP 

• described In Thme. Mm. Imd^ 1903, P' 
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The experiment was then tried, with equally succc^ful 
results, upon the young brvae of Gastropacha quercifoUa 
(the Lappet Moth). In this case the change was pro- 
duced before hybernation, and no subsequent change in 
the conditions availed to effect any modification. The 
appearance of bark densely covered by masses of grey 
lichen was beautifully reproduced on some of the larvae, 
and considerable effects were wrought in all exposed to 
the above-named conditions. 

In these experiments, as in all others of the kind, the 
effects produced are those with which the field naturalist 
is perfectly familiar. The advance in our knowledge 
consists in the proof that such familiar effects are con- 
trollable, and in ascertaining the conditions under which 
they are evoked. 

Adjustable Protective Resemblance, probably of an 
analogous kind, is known in Coleoptera. Thus Mr. W. 
Holland ^ has observed that the specimens of a well- 
known British weevil, Cleonus sulcirostris, are reddish- 
brown upon the sands of Boar’s Hill, near Oxford, dark 
grey on Shotover Hill, also near Oxford, and a pale 
grey on the Deal sand-hills. I also observed in 1901 
that the very abundant individuals of a species of grass- 
hopper in Heligoland were invariably dark reddish brown 
like the earth, while on the fiat sandy DUne, three- 
quarters of a mile away by sea, they were sand- 
coloured, or, more rarely, green like the grass. It is 
probable that experiment would prove that many such 
Coleoptera and Orthoptera, as well as the flower-haunting 
spiders, possess a power of individual colour-adjustment 
similar to that proved to exist in many Lepidopterous 
larvae and pupae. The alternative interpretation sug- 
gested in the next Section is probably inapplicable 
here. 

II. Coincidence between the Co louts of Organisms and 
those of their Peculiar Environments may be probably 
Caused by the Local Operation of Natural belectwn.^ 
It is well known that individuals of the Geometrid moth 
Gnophos obscurata are light-coloured when found upon 
* Tram, Enf, Soc., Land., 1899, p. 430. 
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dialk, dark when found upon peat. Naturalists who 
have had much experience of the species in its native 
haunts assert that its habits are such as to render these 
tints highly protective. Careful experiments * have 

f )roved that when nearly full-fed larvae are transferred 
Irom chalk to a very dark background, and kept there 
during the whole of the pupal period, the tints of the 
resulting moths are in no way affected. Unless the 
ima^nal colours are determined by stimuli applied still 
earlier in the larval life — upon the whole an improbable 
conclusion — we can only suppose that the local colour- 
harmony has been produced by the gradual destruction 
through many generations of the darker forms on chalk 
and the paler ones u}x>n peat, &c. 

1 2. The Reccfit Progressive Darkening of many Spede^ 
of Moths in the Lancashire and Yorkshire District , — A 
great deal of evidence has been brought forward to sho>\ 
that many moths in the neighbourhood of great centres 
of population, and also in distant areas affected by their 
smoke, have become very different in ap|>earance from 
what they were during the lives of the last generation of 
naturalists and even within the memor)' of, many still 
living. The latest records on the subject are those of 
Mr. G. T. Porritt/ who does not himself accept the con 
elusion that the change has been caused by Natural 
Selection. The smoke from the manufacturing districts 
of Yorkshire, driven by the prevalent SAV. wind, has 
killed the lichen and rendered the tree minks aiui 
branches uniformly dark over a wide strip of coimtr\ 
Their appearance has become utterly different, and thr 
pale variegated tints formerly lx)nie by the moths m 
question would now stand out with startling distinctness 
upon them. It is of the utmost importance to gain tin 
fullest knowledge of the character of the struwle for 
existence in these species, and to test the interpretation 
founded on Natural Selection in every possible wa) 
but the facts as they stand seem to raise an over- 
whelming probability in favour of this explanation, which 

* Tram. Ent. Soe., Lmd^ t 6 ^i, pp. 453-^* 

• AimiaHm, York, tpo 6 , Report, p. 316* 
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was suggested many years ago by Mr. J. W. Tutt^ 
Under any circumstances the colour-harmony is not to 
be explained, like that of many larvae and pupae, by 
susceptibility of the individual at any time in its life to 
the darkened tints of its environment. Eggs sent from 
the smoky districts and reared in other parts of the 
country produce the same dark moths. Furthermore, 
the smoky districts act as centres, from which, by inter- 
breeding, hereditary influence radiates into the surround- 
ing areas ; and even so far off as Oxford, black forms of 
some of the species are believed to be more prevalent 
than formerly. It is of interest to note that the 
changes which have occurred offer little support to the 
hypothesis of evolution by mutation. Owing entirely 
to artificial conditions, a sudden and rapid change has 
occurred in the tints of the environment. In nature we 
should rarely meet with such rapid and sudden changes. 
In one speaks, A m/>/itdasjs betularia.di black ‘mutation', 
the form doubleday ana, existed as a rarity before the 
darkening of the environment. Donbledayana has now 
replaced the typical form in the districts we are con- 
sidering. .But Mr. Porritt tells me that such a sudden 
change is quite the exception among the numerous 
species which have darkened. In the great majority, 
a long series of intermediate varieties can still be found, 


‘ Eniomologisf s Record, vol i, 1890-1 The following passage is 
quoted from p. 56 ; — ‘ The vast quantit) of smoke, gases, fumes, &c., in 
manufacturing towns, brought down by ram, is scarcely credible, and it 
13 from these impurities I consider the permanent darkening comes. 
When the water evaporates, the solid matter is left behind, and as a 
result the impurities are left to darken the surfaces to which they have 
been carried by the rain-w'ater. The theories of ‘‘ natural selection " and 
“ protection ” now apply in their fullest sense, the insects become 
darkened, “hereditary tendency" perpetuating and intensifying the 
melanism. I believe from this (and it appears to be a fair deduction), 
that Lancashire and Yorkshire melanism is the result of the combined 
action of the “ smoke," &c., plus humidity, and that the intensity of York- 
shire and Lancashire melanism produced by humidity and smoke, is 
intensified by “ natural selection " and “ hereditary tendency The only 
words I should criticize in this passage are those which suggest that the 
humidity and smoke have had any effect apart from that due to Natural 
Selection. 
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and the tfansIbmwtKm appears to be going on very 
gradtiall]i[.' 

It. Dimtrpkim and PolymtMrpkism $» Procryptic 
is common for different individuals (k n 
to adof>t two or aum different appearances, each 
of which resembles some special object that is of no 
interest to an enemy. Thus the Oriental Metf-buttcr- 
fljcs * (A^a/Ama) represent many of the weH-Jcnown 
appearances home by dead leaves. Caterpillars and 
cnrysaKses are also fretjuently dimorphic— green and 
brown. — the two dominant colours of the normal 
tmvtronmcnt Such differences extend the area over 
which an enemy must search in order to obtain its foo(l 
It has been shonn that green forms f>fedominate in thf 
oflipfing of green jarents, and similarly with the brown 
We are, therefore, le<l to the conclusion that the tuo 


forms intermixed are more advantageous than either 
aloiie« and that otherwise one would (juickly replace ih^ 
ocher altogether. 

14. SiJJ^na/ m iAi 

chafes may occur in the OMimr of the individual life, 
in the Alpine Hare, Ptarmigan, &c In many- cases it is 
known that the change is brought ahoui by moulting, lust 
if an observation by Captain James Ross can be de(»ended 
on, the whitening may in an existin^^ coat in ihr 

oemne of a single nik^ht. The animal exjierimrnied up)f. 
sras the Hudaons llay Lemmir^}, whit^ was suiWenlv 
exposed to interne cold. The results were so surj^j^jn^ 
dial it would be mmt desirable to repeat the experiment 
15. / >Wr/ 4 a>stf im This 

mode of procecrion is seen in many forms with more th.m 
one brood in the coume of the year. Concealment is 
effected by diflfcmit or^lours and even sha^. corresponii 
bg to the dJIferent envtroiiments {novi^d by 

Thus it has already mm pmnted out on 

pp. S06-7 due the hooked ap^ of the fere wing and 


* fat M. 

Am 1M| iM. This &mo^§ s bt w i a t tc ei an IMmlMn am 

nfUiwfliiM; Ka r, A|nl r ifii iff^^ 
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produced angle of the hind wing in certain Sat3rrine and 
Nymphaline butterflies are characteristic of the brood of 
the dry season, when dead leaves are bent and twisted 
and warped, and that the absence of these characters in 
the wet season corresponds to a time when such leaves 
are sodden and lie flat on the ground. Dr. Dixey has 
shown that analogous seasonal changes occur in certain 
South American and African Pierinae} In cases where 
the character and intensity of the struggle for existence 
vary greatly with the seasons, procryptic defence may be 
developed in the time of greater stress, the dry season, 
and very different methods employed by the broods of the 
other season (see pp. 208-11, 320, 339-41). Seasonal 
changes of procryptic significance also take place in certain 
northern species, such as Selenia illuriaria, &c. These 
have been the subject of exhaustive investigation pro- 
longed over many years by F. Merrifield, who finds that 
heat applied to the pupal stage is the stimulus under 
which the changes are set on foot. Much excellent 
work has also been done on the same subject by 
Standfuss of Zlirich, earlier by Weismann, and first of 
all by Doffmeister. 

The laborious experiments of G. A. K. Marshall in 
South Africa have led to a knowledge of interesting 
differences in the reactions of different species. Thus, in 
the Pierine butterflies Teracolus omphale and T, achine, 
a warm, moist atmosphere applied to the larvae produced 
wet season butterflies : on the other hand, very little 
additional effect was produced when the pupae also were 
similarly treated, and hardly any effect at all when damp 
heat was applied to the pupae alone. On the other hand, 
in another Pierine, BeUnois severina, damp heat applied 
during the larval stage produced no result, but when the 
pupae as well as the larvae were thus treated great 
effects were manifest In this species, too, there were 
interesting differences in the character of the effect, 
according as heat alone or heat with moisture was applied* 
It seems quite clear from these experiments that the 
larva is the sensitive stage in Teracolus and the pupa 
‘ TVtfiM. Em, S0C,, Ijmd,, 1903, p, 157, plate vii. 
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in JMums.* Further tnveet^UoM into the stimuJi 
under which the senaoonl f<Mina develop are briefly men- 
tioned on pp. J 4 A 341* 

16. Symcry^t or C<nmmm Pnttciivi 
Colouring for concealment in similar environments may 
incidenUlly produce supeHicial resemblances between 
species. Thus, desert forms of the most varied kinds 
are cdoured in the same way, while a Special Proteaivc 
Resemblance to lichen, bark, grasses, pine-needles, &c . 
may often lead to a tolerably close similarity between 
the species which are thus concealed. Such Syncryptic 
Resemblance is to be disri^ished from Mimi^ and 
Common Warning Colours, in which the superflcial like 
ness is not incidental but an end in itself. 

Syncryptic Resemblance has much in common with ilx- 
sup^ctai likeness incidentally produced by similar 
functional adaptations. Thus mme-like forms adaptnl 
for a burrowing life have been independently cvdvctl m 
Insectivtwa (true molest. Kodentia. and Xfarsupuli.i 
Such resemblances. »bKh have been called Analog1c.1l 
or Adaptive, may lie termed Syniechnic, because the\ 
Ibliow irom similar modes of life. .Syntechn(c Ke^-m 
blaoce is an incidental result of timibrity in the dyiuniK 
coodtuoat of life, just as Syncryptic Resemblance is 
inddeoially produced by simiianiy in its static conditions.^ 

E AjtTKKtrm o» A«i<;aE.v«ivr. Rmuw.a.'u i. 


It b unnecessary to speak in dcUttl about concealmt ir. 
ibr the purpose o( attack, inasmuch as all the mnciplrs er. 
countered are the same as those upon which Procry ptic <<r 
Proiecttve Resonblance depends. The ottouring of th< 
lion harniODmiw with the dowtn it a good eaampir of 
General ResemMoce, a h^ge coostrictti^ serpent tyin^ 
hi wail far prey and haiwing Ute a brol^ bran^ Irom 
a faraat tree aervea equal^ to iOuatrate Spedal ReMm 


* Sm ft. r. A Dlwy^ huwBlra temm sT ftise wm 

^ iw iw ani^ A( N *cr« at Jkttfiii. tm! fptkiL, J- 
uha Mmr ?aA aal tmtm, ifM, *al iL» ‘V 
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blaoce. The neutralization of shadow is well seen in the 
predaceous Carnivora, and, in man/ of them, characteristic 
details arc depicted on the shadowless and ghost-like 
surface of their general ground-colour ; vistas of upright 
stems on the tiger, effects of light and shade, even, 
it is said, pin-hole images of the sun as cast by minute 
interstices between leaves, on arboreal species. Adjust, 
able Resemblance in aggressive species, such as the 
Chameleon, Cuttlefish, and many Crustacea, is probably 
chiefly protective in function, but there can be little doubt 
that it is aggressive as well. Chamaeleo pumilus, slowly 
moving to within striking distance of its alert and active 
prey, is probably aided by colour adjustment and the 
neutralization of shadow. The Seasonal Charges of 
northern forms are just as characteristic of the predaceous 
Arctic Fox and Ermine as of the Alpine Hare, Lemming, 
and Ptarmigan. 

C, Allocrvptic or Adventitious Protective and 
Aggressive Resemblance. 

Concealment is often effected by means of a covering 
of foreign objects. Such forms are of course hidden in 
any environment. When sedentary they are covered 
with local materials, when wandering they have the 
instinct to reclothe. The great majority of examples are 
AlloprocrypHc, such as the little English crab Stenor- 
rkymhus phalangiuni^, which decks itself with pieces of 
seaweed; but examples of Allantxcryptic Resemblance 
are well known. It will be sufficient to mention two 
species : — 

1. The large Brazilian frog Ceratophrys cornula* 
which squats in a hole in the ground and covers its back 
with earth, the exposed parts harmonizing with the 
surroundings. The frog remains thus motionless and 
concealed, waiting until some small animal approaches or 
even walks over it. 

2. The ant-lion {MyrmeUon) larva, buried in fine sand 
or dust, at the bottom of its crater-Hke pit. 

Allocryptic Resemblance may be both protective and 
aggressive at one and the same time. 
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A k to be foaml in die Htde Bikkh 

eedi T/jm enenrAke^, idiidi coven itaelf very coin- 
plnely vndi A%ne, exposing only the peeriy pink hrge 
dews. It then clisabe into ■ men of AIgn, to which it 
innpnrti e gentle swaying motion. The attentkm of small 
6m is prowtiy first attracted by the movement, and their 
inteiest excited by die brighdy ookwred daws which akmr 
can be semv They approadt to within striidng dktance. 
are seised and devoured by the crab. AU diis has been 
observed in the aquarium by FroC A. F. Dixon, of Dublin, 
to whom t am in^btcd for the information.' The /f^as 
itself k greedily devoured by larger fish, and it cannot 
be dottbM that the adventitious coveriiW acts as n 
deCsnce against these enemies. This crab lanrdt a good 
ocample w the complexity of the uses of colour. Thr 
covenng of Algae is an aiU^roerypHi defence against 
enemies, an alumiury^tu assistance in the capture of 
prey, a capture also aided by the atimrimg or pwKUpt 
ftmttif colouring of the daws. 

A subtle form of allocivptic defence is found in tli>- 
use of the colour of the rood in the digestive organs 
showing through a trammarmt body, tv the. still .more 
re marka ble cases in which it is dissolved in the blnsvl 
and secreted in the su|jerficial edis of the body. In onr 
ame it has even been shown that the dtflerent shades of 
gr e en p ro du ced b)' modified chtorophyll from the leaves 
of difik^t pknu. is preserved in IM pupa, collected into 
tbo tggt of die perfect insect, and can still be detected m 
the krvae of the nest generatioa when feat hatched fmm 


Troe or Bnteiwm Mimkry k dooely related to the 
Crvpiie Cotoun descri b ed and OliMraied above, but 
fmm im Ant tlw mimetic antmal renenblea no object 

Dk|B. ^rm. ihik douC, jid iir.. «el ti, ao. t, itei. p 

* fearmiiiii ndmw Stv Fm, UptOL Sm, 

Ami IhMiMlMMMMt ilMMI ll Ali SlkMlIlI ft MttAl 

AA fee, vgl p 4tMi fe 4. 
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wUch positively repek its enemies or ^osidl>y^ attracts 
its prey, rather than one whidi is of no tncetest to eitbo; 
It IS more convenient, therefore, to defa* its considera* 
tion until after the description of the Warning Cotours 
which form the models for Mimicry. 

II. SEMATIC COLOURS, OR WARNING AND 
SIGNALLING (RECOGNITION) COLOURS; 
APOSEMATIC AND EPISEMATIC CHA- 
RACTERS. 

The second great use of colour is to act as a warning 
or signal {Semaiic Colours), repelling enemies by the 
indication of some unpleasant or dangerous quality 
{Aposemalic or Warning Colours), or signalling to other 
individuals of the same sf^es, and thus assist!^ them 
to escape from danger (E^smalic or Recognition Colours), 
In a very interesting group of cases {Allaposemaiic), the 
animal warns off its enemies by associating with itself 
some other animal with unpleasant qualities and Warning 
Colours. 

* A. * Aposematic or Warning Characters. 

The use of colour for the purpose of warning is the 
exact opposite of the one which has been described on 
p. 297, its object being to render the animal so conspicuous 
to its enemies that it can be easily seen, well remembered, 
and avoided in future. Warning Colours are associated 
with some quality or weapon which renders the 
sessor unpleasant or dangerous, such as unpalatability, 
an evil odour, a sting, the poison-fang, &c. The object 
being to warn off an enemy, these colours are called 
Aposematic. 

Good examples are to be found in the American 
skunks {Mephitis fnepkitua^, Mephitis su/focans*, Conepatus 
mapuriUi^, &c.), which possess the power of emittinjr an 
intderablc stench, and arc, under ordinary conditions^ 
sk)w-movii^, con^cuous black and white maimnds. 

An element of Mimicry exists in the appearwe^ of the 
lemarkaUe chrysalis of Limenitis popidi^ as interpreted 
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bjr Baitseliiiifli' TIm Rutma mtw«yM ea w M e w tlut 
IWi fwpa, iHUch he Rwmd to be l ej ecu d bv birdi, bean 
the moat detaJfed lesemUence to » cfarynoa wbi^ has 
been pecked and aenonaly inhned, but fiaaliy abandoned. 

It has been objecOMl that in the oiae of small unpalat- 
able animaia the individual with Warning Cdoura is often 
injured or destroyed by an enemy bmort it becomes 
aware of the unplmaant quality or ^er special defence 
But the species Wehts the experience tlM» gained h\ 
an enemy, even though the individual suflers. It is ttu- 
hich is preserved and advanced by Naiur.il 
!eiection, and when this involves dai^r to the indiv 
dual— «s it continually does, the individual must incur 
the risk. An insect-eatii^ animal does not come into 
the world widi knowledge; it has to be educated In 
experieoce. and Wamii^ Cokiura ensure that this 
emKatioa is conferred bv a smaU instead of a laige wasir 
of life. Nevertheless, the necessarv' risk to the indtvidu.il 
fe reduced to the lowest possibir level Great icnacti) 
of bfe is usually possessed by animals with Wamin.; 
Colouri. The tissues of insisets with an Aposemaiir 
appearance often powess great elasticity, tou^nrs\ and 
power of reaislance. so that laige numbers of^lividiMl-. 
can reoover after ver)- severe treatment. 

I. ExpmwumUt Eviitm* of ^ttud Pr^taUcH m 
Fsrm mi/k tPkrmmg C*Umrt.-~-Afan from the s()ecir^ 
mwad srkh the sting or potson a large number <>f 
have been nro^ to potaess an nn 
Dr. EHxeyaod Dr. Loiifihiff have made 
• apeda} poiitt of invest^ating the aesmts of living; 
AifMM battfarflies. and th^ had that while the sern^ 
•Mfond to dw male adl fucHuiiabily emph^ in court 
dd|pa«eplMaBmmihebitinaaa(mse.dios«M>andin both 

•MWi |hm when tboe is a tffeeace more dMrott^i) 
dWito p eil it die fesiaic) tie un n ieesaiit to mm buch 

dbMPtHbie t fy M ff weft d tft l T t f d hi OdMphwius butter- 

SSliiinSlf It dM Dmmkm, Njmfktium, 
mAMlfmmim I)r.DiaqrttipidMdmit^^ 

M ...» 
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notes on the subject* Pfitc MiiUer has also shown 
b S. America that the scents of male butterilies am 
agreeable.^ Far stronra evidence is of course afforded 
1 ^ offering forms with Warning Colours to their natural 
enemies, and stronger still by watching the behaviour of 
enemies in the wild state and by keeping a predse record 
of the food found in their stomachs. Although an hn^ 
mense amount of such evidence is still required, a^eat 
deal has been done. The summary of Mr. Frank iMnn's 
striking experiments in India has b^en quoted onp. 569.* 
2. Species with Warning Colours depend for their Bxis* 
tence upon the Co-Existence of PalatcLble Species. — Apose- 
matic Colours, together with the qualities they indicate^ 
depend for their very existence upon the relative abun* 
dance of palatable food supplied by animals with Cryptic 
Colouring. Unpalatability or even the possession of a 
sting is not sufficient defence unless there is enough food 
of another kind to be obtained at the same place and time,* 
Hence insects with Warning Colours are not seen in 
temperate countries except during the months when insect 
life as a whole is most abundant ; and in warmer countries, 
with ^kvell-giarked wet and dry seasons, it is found that 
Warning Colours are less developed in the latter season, 
which is the time of greater stress. Examples will be 
given in later Sections, 

3. Erroneous Assumption that Warning Colours imply 
Complete Immunity from Attack. — Although animals 
with Warning Colours are probably but little attacked 
by educated enemies of their class, they have special 
foes which keep the numbers down. Thus the 
cuckoo appears to be an insectivorous bird which will 
freely devour conspicuously coloured larvae unpalatable 

> Proc^ Ent. Soc.t Lend.^ 1904, p. Ivi ; 1^5, pp. xxxvii, iiv ; 1906, p. ii. 

Set also G, B. LoogsUff in Free. Ent. Soc.^ 1905, p. xxxv, and 
Trans, Eni. Sec.^ 1905, p. 136. 

* /m. ZHt,t ?ol. xi, p, 99 ; Tyans. Eni. Soc,, Land, 1878, p. 2 1 1. 

* See also Free, Zaet, Soc.^ Land., 1887, pu* 191* ^ ^ account of all 
the wcffk done up to that date, and Trans, Ent. Sec,^ Zend., 190a, p, 

for the most important of recent researches on the subject, 

* Free, Zooi, See,, Zend., 1887, p. 191 ; confirmed also by F. Finn : 
tee p. 969 of the pr^t volume* 
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to oA«r birds. Nothing csn be (urtber from the truth 
than Haase's contention that the species with Warning 
or Aposematk Colours are absolutely ' immune ' from 
the attacks of all enemies, including parasites,^ There 
is indeed much evidence to show that such species arr 
espedaliy liable to destruction by these latter foes.^ 
Many group of predaceous insects also appear especial!) 
to attack ine conspicuous, easily-captured prey provitlctl 
by the group with Wanting Colours. 1 his has Ik-* n 
ocMierved in the case of the pr^laccous Asilid flies. Dragon 
flici^ Hemipera, Afamiu/a/ 

4 , TfAmsiium fr&m Cry pin io 44^nfmaH€ . 

Although these two meilujijs of protection are as a rulf 
sharply contrasted, intermediate examples are comrnofi 
and even more numerous arc the cases in which 
todividuaJ in the course of its lifehistory' or h) .m 
instantaneous change of attitude |*asses from the 
category into the olhcf 

Tm larvae of Cuiulha {vrAi/ir (the Mullein Shark 
Moth) are good intermediate examples. Their rt)lour 
ing ha/monixeii well with the flowering spike ot ilu 
Mullein, and when disturbed their muant fall jind 
wriggling movemenu, tending to corKtralment amoti. 
lumps of earth, roots of grasses, &c.. belong to the r lU- 
gory of CryjJlic defence. On the other hand, ihr\ ir^ 
rtndkrred consfitcuous by gregarious habits, while the lar, ^ 
krvae are very visible upon the broad leaves of thr hK>il 
plant Furthermore, experiment shows the cxistmfr 
dlistastefiil qualities^* There is alioa conskterable rlrm^ n? 
of concealment in the resemblance <rf the oran^ band> 
oftbe larva of £mfie/ta {the Cinnabar sloth) i » 

^ Aoweia of its food-plant I was formerly disp i 
to neeprd th^ two speoes as ejcamplei of recent tr.insi 
tioii from a Cryptic to an Aparmaenr mode ofttlcf^n^^ 

I thoohi noir be mart inchm?d to expbin the ( r\i ?i 

Jtmmitn m Mmtty, pm i, StanpJt ¥ji§^U tr«n^Uc < 
Ihww XwmL ifos, p. 

Jhrm Jks ibr,, Lmi^ tfoi, p* lip 
tlOf^ |ljp i«t 
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etonent aa a protecticm agaioit the special enemies 
which attack the species in spite of their unpalatabiljt]r. 
The more completely the larva is concealed from 
special enemies, and the more visible it is to enemies 
which respect the defence of unpalatability, the greater its 
chance of survival. The compromise is effect^ in these 
species by concealment at a distance, passing into con* 
spicuousness on a near approach, combined with further 
defensive methods when an actual attack is made* 

Abrupt changes in the method of protection in the 
course of the life-history arc very common. Thus the 
caterpillar of Cuculha verbasci produces a moth possesp* 
ing a beautiful Cryptic colouring, the resemblance being 
to a splinter of wood. Euchelta jacobaeae, on the other 
hand, becomes even more Aposematic in the perfect than 
in the larval state. One of the most beautiful instances 
of change is afforded by the larva of the rare British 
species Acronycta alni In its young stage the cater* 
pillar bears the closest likeness to the excrement of 
a bird : at a change of skin it suddenly emerges with 
a startling black and yellow pattern which has all the 
appearance of a Warning character. 

Even more interesting are the species which by some 
significant movement pass at once from the Cryptic to 
the Aposematic category. The change thus undeigone 
by certain larvae was described in 1887 * by the 
present writer : — ‘ Such larvae are apt to pass unnoticed 
because of the harmony between their colours and mark- 
ings and the artistic effect of their surroundings ; but, if 
discovered, or even if an enemy approach so that there is 
danger of their being discovered, the protective [cryptic] 
attitude is instantly changed for one which renders the 
larva conspicuous, and warns the enemy of the presence 
of unpleasant attributes (taste or smell), or alarms it by 
the resemblance of the new appearance to some object of 
terror [the reference is here to C elpenor as described on 

E P‘ 367, 368]. These facts may even be true of gr^[arious 
irvae. Thus a group of phytophagous Hymcnoptcrous 

‘ Proc. Zooi. Soc., Lwi,, 1887, pp. 197, 104. See also pp. S07 
of the same memoir, where experi^ts on four ^ledes are recorded 
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IwM nM^ reottia Incon^pioaoua wUle andtaturbed, Intt 
aevcithdess tl^ approach of an enemy determinn 
naited movements in the colony which render the vdiole 
strikingly conspicuous, and . . . mav be attended later by 
die emissicm of an offensive smell from the numerous 
ventral glands of all the individuals simultaneously (e. g. 
Croesus stpUuirioHatis)' 

5. Seasonal Transition from Cryptic to Aposematic 
Defence , — It has been pointed out on p, 317 that in 
latitudes like our own the insects with A^sematic 
colouring are compelled to hide during the periods when 
the food of insect-eating animals is scarce. An ana- 
logous alternation may be produced by the wet and dry 
season broods of certain species. In some African 
butterflies of the Nymphaline Genus Precis, the wet 
season broods are distinguished by the more or less 
conspicuous under sides of the wii^, while those of the 
diy season are highly Cryptic The South and East 
Anican species Precis archesia was the one which most 
impressed the present writer, and led him to seek for an 
interpretation in the conditions of life peculiar to the tuo 
seasons. 

It appeared, on comparing a series of specimens.' 
that, as described on p. 308, the feature which chiefly 
renders the wet season form conspicuous is derived from 
the very marking which is thedrincipal element in the 
ilment of the other! This m directly to the 
oondoskm that there must be some great difference in 
the conditions of the two seasons whi^ made a certain 
measure of conspkuousness an advantage in the wet, and 
ooncealment a necessity in the dry. ^me account of 
these differing conditions and the manner in which such 
Ml attooishing akemation in this and many other species 
may have arisen is given on j^. 306-1 1. 

6 , Gt^grtMcal TroMsitiM from Aposemat^ to 
CrvpHc D^put , — The much-mimicked, eonqiicuous 
JL tmm peiha ps the oamstaaM butterfly 

in the iRirhl~-ands to be rqilaeed on desert areas, and 

* For meh a tisnifiliiasl fsiios m Time, Jfnt. Sm, Imti, i9o*> 

plHsalltf||af<4» CeMahalMj9)i4se*p«fibtnnt'i 
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m the Somali Desert appears to be completely replaced 
by a fom (dortppus^klugii) without the black and white 
tip to the wing (see pp. 70-11. Furthermore, in some 
01 tne specimens the tawny colour is replaced by a tint 
far more adapted for concealment against a sandy back- 
ground. It is probable that under the stress of desert 
conditions—constituting, as it were, a permanent dry 
season this highly distasteful form has been compelled 
to adopt a measure of Cryptic Defence. Conversely, 
in the luxuriant life and abundant food of the tropical 
west coast of Africa, a form (the white-hind-winged 
alcippus) even more conspicuous than the type, has 
become dominant, and, from the mouths of the Niger to 
the southern edge of the Sahara, is now apparently the 
only form h 

7. H. Thayer s Criticism of the Statement that 
Animals are Conspicuous.~-}s\r. Abbott H. Thayer has 
criticized, from the artist s point of view, the use of the 
term ‘conspicuous’ by the naturalist.^ In the first place 
he states that ‘ Only unshiny, bright ^ monochrome is intrin- 
sically a revealing coloration. As soon as patterns begin, 
obliteration of the wearer begins, . . . Nature does not 
blunder, and Natural Selection would evolve the mono- 
chrome, instead of a patterned surface, were simple con- 
spicuousness her aim’. But naturalists, in using the 
word ‘conspicuous’, have not meant to imply a com 
spicuousness as great as the artist could make it ; and 
reasons have been given in the preceding Sections why 

* I should have carried the southern limit of the exclusive occurrence 
of alcippus considerably further had I not recently seen in the Stockholm 
Natural History Museum a male and a female specimen of the type form 
captured respectively December 26 and 21, 1890, m the Cameroons, by 
my fnend Professor Yngve Sjbstedt. They were, he told me, excessively 
rare as compared with alcippus. In a large amount of material at Tring 
and Oxford from far inland and considerably further south— Luebo, on a 
gouthem branch of the Congo— the type form alone is represented. For 
the suggested interpretation of the dortppus and alcippus forms, and for 
the evidence that chrysippus is the ancestral form, consult Trans. Eni. 
Soc., Land., 1903, p. 473. 

» Trans. Eni. Soc., Land., 1903, p. 556. j , u 

> Mr. Thayer tells me that he would now omit the w'ords unshiny, 

bright 
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of noliim oouki nc^be *«inq[rfe oomj^ouaoosi' 
alone. There ts the dai^[«' of sp^al oiemiee, aad the 
daimer qwcially hungry enemies; and it must be 
fremy admitted that consfucuousness beytaid what is 
necessary for warning an attacking enemy would be 
a danger. Mr. Thayer states that iridescence tends to 
render colours less conspicuous, and we certainly observe 
that a uniform blade appearance unrelieved by pattern is 
continually accompanied by iridescence or structural 
surface ct^rs of some kind. In view of Mr. Thayer's 
siqogestion, it becomes probable that dead black would 
be con^cuous for many a wdl armed Aculeate or 
nauseous c*plo«a, and that it is therefore modified so 
that it obtriMies less upon the distant view of enemies 
that ' mean business 

Naturalists have used the term ‘conspicuous' relativel). 
and furthermore, in using it, have uken into account the 
habits, movement.s. iTKides of display, &c., which ma) 
be of even more impcHtance than the colouring ilsell'. 
The Ithomiine and ctmvergent Heliconine butterflies of 
tropical America are no doubt far from possessing ao 
' intrinsically revealing coloration ' such as .Mr. Thayrr 
describes; but it is equally tnie that they tali into an 
entirely diflferent category from that which includes the 
Crypdc species, with undersides resembling leaves, bark 
ftc. Mr. Thayer suggests that they resembk flowers 
and the surroundings d' flower*, and that their extra- 
onfinary Kkencaa to each other may be incidentaliy due 
to their resembling the same kind of flower-— in other 
words may be Synen otic. The Bribsh Guiana associ.i 
tioa of tdomirm, Hrikmiiuu, &c. (see pp. 
been studied in its native haunts hr more compietel) 
tibsn any other. Mr. W. I. Kaye, who has devoted 
iMctil nM proimiged attentsMi to thm. statre that these 
tabdt, *oowW, iM chromciidlow ' butterflies, bs they 
if« precM^ tksmbed by Mr. Thtyear, frequent the 
«Mie Bmm of ^ ptent macrip^liat^ d 

Him it no evidenoe of Ciyptie foseaUance to flowers 


* Ham Jlw Sm^ |s tyf> 
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iaany of the representative combinations in other parts of 
the tropical New World, while a careful study of the exact 
changes which they undergo as we pass from one district 
to another enables us to dismiss any such hypothesis. 

Mr. Thayer’s criticism is considered in this place 
because the preceding five Sections show how subtle is 
the relationship between two sharply contrasted methods 
of defence, and how easily and frequently the barrier 
between them is traversed. The determining factors in 
each case are to be found in the complex conditions of the 
struggle for existence. It is these that have decided the 
degree of conspicuousness attained by Warning Colours, 
and have kept them far short of an ‘ intrinsically reveal- 
ing coloration ’ as defined by the artist. 

8. The All- Importance of Instinctive Attitudes and 
Movetntnls in tJu Display of Warning Colours , — 
Warning Colours are, like Cryptic, assisted by special 
adaptations of the body-form, and especially by move- 
ments which aid in rendering the appearance as conspicu- 
ous as possible. On this account forms with Warning 
Colours generally move or fly slowly, and it is the rule in 
the wings^of butterflies that the warning patterns are 
similar on both upper and under surfaces, and so far as 
there is a difference, that the colours of the under surface 
exposed during prolonged rest should be even more 
conspicuous than those of the upper surface. The 
flight of certain American Danaine butterflies appears 
to be especially adapted to display the conspicuous 
under surface of the wings.^ 

Other instincts also assist in Aposematic display. 
Thus the effect of the Warning Colours of caterpillars 
is often intensified by gregarious habits. Furthermore, 
many animals (spiders, beetles, caterpillars, &c.) when 
attacked or disturbed, ‘sham death’ (as it is commonly 
but wrongly described), falling motionless to the ground. 
Well-concealed animals, when once detected, are thus 
given a second chance of escape among little fragments 
of earth, dead leaves, or the roots of grasses. Animals 
with Warning Colours are, on the other hand, enabled 
* Aim. Mag. Nat. Hist., ser. 7, voL xiii, April, 1904, pp. 358-9- 
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to Mnune a position in whidi tiidr dbsncten are dit* 
pisyed to tJie full Thus PortBcfahidcJ has shown that 
the two unpalatable EngVah moths SpUasoma mrtictu^ 
and S. mnuiUt^, female, when disturbed, assume attitudes 
which serve to dirolay their conspicuous yellow and black 
odours.' In both types of so-called ‘sham death' — 
Cryptic and Aposematic — a definite attitude is assumed, 
whi^ is not that of death. 

9, WarntHg or Intimidating Sounds . — Sound may be 
empbyed as an Aposematic Character, as in the hiss of 
snakes and $c»ne lizards. Certain poisonous snakes when 
disturbed produce by an entirely different method a far- 
reachiw sound not unlike the hiss. Thus the Rattle 
Snake JCrota/ns) of America rapidly vibrates the series 
of dry, homy, cuticular cells, movably articulated to each 
other and to the end of the tail. The stage through 
which the character probably arose is witnessed in 
another genus which vibrates its tail among dry leaves 
and thus produces a u-aming sound. The deadly little 
Indian snake, Bsiis carinata (the ‘ Kuppa ') make.s a 
penetrating swishing sound by writhing the coils of its 
body one over the other. Special rows of the lateral 
scales arc provided with serrated keels which cause the 
sound when they are nibbed against each other. Large 
birds, when attadeed, often adojit a threatening attitude 
aooompanied by an intimidating sound which usualK 
suggests more or leas closely (he hiss of a serpent, and 
tints includes an element of Mimi<^. 

la Intimidating AUitudts.— \\)t Cobra warns an 
totnider chiefly by attitude and by the broadening of its 
Itttaied neck, the eflUxt bdng heightened in somc 
•pecies by the 'spectacles'. In such cases we often 
vtioeaa a combination d* Cryptic and Aposematic 
SW^ods, the animal beiiw cooceakd until disturbed, 
vto It MStantiy aamroea a Warning attitude; * 

The benefit of such intimidatiiig characters is clear 
• ycaoiBOiM anake gaoui fiur more advesti^ ^terrifying 
thm by kdfag an eniaiel it cwoot eet. ^ striking, 
the Wttfm en^oiariiy loeee its potsM and with this 

1890. 
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a rescue of defence. Furthermore, the poison does not 
cause immediate death, and the enemy would have time 
to injure or destroy the snake. 

i\, Directiye Marks and Struchires . — Another Apo- 
sematic use is of a different kind, viz. to divert attention 
from the vital parts and thus give the animal attacked an 
extra chance of escape. The large, conspicuous, easily- 
torn wings of butterflies and moths act in this way, as is 
shown by the numbers of individuals which may be 
captured with notches bitten symmetrically out of both 
winp^ when they were in contact. The eye-spots and 
‘ tails ’ so common on the hinder part of the hind wing, 
and the conspicuous apex so frequently seen on the fore 
wing, probably have this meaning. Their position cor- 
responds to the parts which are most often found to be 
notched in fresh specimens. In some cases (e.g. many 
Lyca^nidae) the ‘ tail ' and eye-spot combine to suggest 
the appearance of a head with antennae at the posterior 
end of the butterfly, the deception being aided by move- 
ments of the hind wings* It has already been pointed 
out on p. 303, that the brightly coloured hind wings of 
certain mgths and grasshoppers are of benefit in the 
manner here described. 

The flat-topped ‘ tussocks ’ of hair on many caterpillars 
look like conspicuous fleshy projections of the body, and 
they are held prominently when the larva is attacked. 

If seized, the ‘tussock’ comes out, and the enemy is 
greatly inconvenienced by the fine branched hairs. 1 he 
tails of lizards, which easily break off, are to be similarly 
explained, the attention of the pursuer being probably 
still further diverted by the extremely active movements 
of the ampuUted member. Certain crabs similarly throw 
off their claws when attacked, and the claws continue to 
snap most actively. The tail of the dormouse, which 
easily comes off, and the extremely bushy tail of the 
sQuiirel, are probably of use in the same manner 

The classification of Directive Characters is a matter of 

* This (keply-interesting adaptation has been independently recognized 
lany naturalists in many countries. For a list of records sw Proc* 
Lend,, 1906, p. lii; also £n/. Mo. Mag., 1906, p. 128. 


by B 
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|S« tIe i»LACE ‘ 

gnM <fiEieuh]^ I bave tore proviskKttto rettowd ttom 
m tto poiition toginaOy usig^ ia Tkt CUmrs tf 
Ammals. Tto ‘ tuM)dcs ' toir, thcinsdvef pravtdiii^ 
distasteful ataUides, will mbaUy always be kx^ upoa 
as a form oi Aposeme. On tto other hand, as my fownd 
Mr. Marshall has pointed out to me, deception and not 
unpalatabilto is tne essential dement in toe proUxtion 
geMraUy aflorded by eye-spots, and, when mis is the 
case, they should be regarcM as a form of Psendoseme, 
and probably of Pseudepiseme. Huge, terrifyir^, eye-Kke 
marks, such as thcKC of the BrasuUnat, foil into their 
place beside the more perfect and specialized Pseud- 
aposemes of certain snake-like larvae (see p. 367 ). Mr. 
Marshall observes that there is a mark^ absence of eye- 

r in thejpeat distasteful groups of butterflies, the 
mnat, iJatuimu, lielicomnat, and Aeradtuu. On 
the other hand they form a most characteristic Apose 
made feature in the much-mimicked Morphine (Amathu 
■line) genus Tenaris, and are often found in Papilios 
with a conspicuous pattern on the under surface. 

13. The Seasonal Development of Diredive Marks.- 
It has been ex|»laincd on pp. 3io-n that ihu eye-,sj)ot.s 
devdoped, especially on the under surface of the wings, 
in tto wet season broods of many Salyrisiae and certain 
Nf mP k ali s u ie are probably ada|Aed to meet tto kind of 
attacK wbkb is chiedy nude at this dme of plent]^, anil 
tliat such markings would he too great a danger in the 
st re ss of tto dry M^aion ; furthermore, that tto i^spits 
ate a defence during dma of activity, but would be the 
ftverie in tto lot^ perkxls of repose of the dry season. 

It was die recognidon of die same ^enomm in such 
dhnanUy related butterdks as SatpHsm and Nyn^l- 
turn dhu hnpelied tto present w r iter to sedk an inter 
fmtooit k eoodtdons of IHe iriiich ate coam^ to the 
sWvgRMqas* 

' jIss. jk. ito, itoiw, «bI> bail ifi^ p 4*7- 
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A*. SVNAPOSEMATIC OR CoMMON WARNING COLOURS 
(MOllerian Mimicry). 

This subject, though logically but a section of Apo- 
sematic Colours, is of such vast importance that it is 
here converted into a separate heading equivalent to 
A. Aposematic, and marked with an A*. 

Animals with Warning Colours often tend to resemble 
each other superficially, as was pointed out by H. W. 
Bates in his pap>€r on the Theory of Mimicry.^ He > 
showed that the conspicuous, presumably unpalatable, 
tropical American butterflies, belonging to very different 
groups, which are mimicked by other species, also tend 
to resemble each other, the likeness being often remark 
ably exact. The resemblances were not explained by 
Bates*s Theory of Mimicry, and he could only suppose 
that they had been produced by the influence of a 
common environment, a suggestion at first adopted by 
Wallace but abandoned by him as soon as Fritz Muller’s 
hypothesis appeared in 1879 ^ 

It seems probable that Bates was misled by a failure to 
realize the remoteness of the affinity borne by the Heli- 
comilae to*the Ithomiituxe, and that consequently the mimi- 
cry between them did not appeal strongly to him. He 
indeed saw and described the important structural differ- 
ences, but still left them united as Hclicomdae, calling 
the Heliconinai\ Acraeoid, and the Ithomiime (including 
the Danaine genera Lycorca and I tuna) Danaoid The 
superficial resemblances were so close in shape as well as 
pattern of wing that he was driven to accept an arrange- 
ment which gave too little weight to characters of greater 
importance. 

As a solution of the difficulty Fritz Muller suggested 
that life is saved by a resemblance between the Warning 
Colours in any area, inasmuch as the education of young 

‘ Uim. Soc.y Lend., vol. xxm, 1862, p. 495. The fact that 

these examples were not figured in the accompanying plates probably 
explains the long delay in the appearance of the Mullerian hypothesis, 

See pp. aii-ia of the present work. 

® Kosmos, May, 1879. 



sa TflB I^ACE OF MiMiCllY 

I maqmkBeed caemiea i$ &cUit»|fed, ttad Umet fife nved 
[ iatm process. Etch species wi^&Us into a groirowidi 
' OMwnon Warning or Synaposematk Gjioun’ oontruntes 
to ^‘minish the destruction of the other meodiers. It is 
obvious that the amount of learning and rememboit^, 
and consequently of injury and loss of life involved m 
these (nooesses, are reducra when many species in one 
place possen the same 'Aposematic colouring, instead of 
each e^ibidng a different ’ dangersignal 

It has been pointed out that Uiis struggle is in reality 
far more severe than has been supposed. At each 
breeding season a fresh wave of young enemies is sent 
forth, takes its toll of insect Ufe, and, except for an 
ins^ificant fraction, perishes in the struggle with its 
own foes.* 

Before proceeding to discuss Synaposemadc Rcsem- 
Uaace in some detail, adducing many examples, I desire 
to state as prominently as possible that a Mullerian, as 
opposed to a Batesian, interpretation is suggested in no 
pMtive or dogmatic spirit Detailed researches into 
the sutyect are very recent, while new material and the 
record of fresh observations are continually appearing. 
Hoice the explanation of special examfdes must in many 
cases be reganled as provisional My friend, Mr. G. A. K. 
Marshall, would consider that a Batesian or Pseud 
apooematic interoretation is more probable for many of 
we examf^ On the other hand, so for as I can judge 
fown existing evidence, I believe— and at any rate for 
the most part Dr. Dixey agrees with me — that all of 
thoD foB under the MtUierian Hypothesis of Common 
Wett^ Colours. 

1. Tif MidhmeHcal SittUmtiU ef tkt Advanlasc 
if Pv/mtai MiUbrim 

pjMobe statemmK of advaniafe wm me^ by Mr. Blak- 
ani Mr. Aknuder.^okux *Let therl be two 
MwAmkI b s wm, imi jj^ *4. I*97. *0 


HMtef .dw AmmIm «a Ur. nmy's fm m 1," 

iCiiiii Ifa 'ift, tmi, llfi. f, try. Sis '*97' 
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speoes of insects equally distasteful to young birds, and 
let it be suppos^ that the birds would destroy the same 
number of individuals of each before they were educated 
to avoid them. Then if these insects are thoroughly 
mix^ and become undistinguishable to the birds, a pro- 
porttomte advantage accrues to each over its former state 
of existence. These proportionate advantages are in- 
versely in the duplicate ratio of their respective original 
numbers compounded with the ratio of the respective 
percentages that would have survived without the 
mimicry. The difference between this hypothesis and 
the Mimicry of Bates is well shown in the following 
passage, in which it is supposed that B exists in smaller 
numbers than A : — ‘ It must be remembered, however, 
that B does no harm to A by mimicking it ; on the 
contrary, the act of mimicry is of advantage to A over 
its former state of existence as well as to B ; but A being 
the more numerous the advantage is less. Still, after the 
assimilation neither has an advantage over the other. 
Proportionally they suffer from the ravages of birds 
equally; the percentage of losses is the same; they are 
on egual ^erms. No matter how long they continue the 
association, neither gains nor loses on the other; though 
through one being more numerous it loses more indi- 
viduals, yet equally in proportion with the other. So 
that, if one is twice as numerous as the other at the time 
of assimilation, it must always — other conditions being 
equal — remain twice as numerous.’ * 

2. Tfu Advantage Conferred during the Growth of 
Mullerian Resemblaiue — The above statement is con- 
cerned with a Mullerian Resemblance which has reached 
the climax of evolution, when the constituent species 
cannot be distinguished by their enemies. It is very 
doubtful whether this climax is ever attained except when 
affinity comes to the aid of mimicry. At the same time 
it is useful to assume indistinguishability in a hypothetical 
example, if by this means the advantages of resemblance 

* The fall statement here quoted was published by the authors in 
Naha^e, vol. xxix, 1884, pp. 405-6: a preliminary statement had been 
published in Nature, vol. xxvii,, 1883, pp. 481-2. 
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can be made clear — if we are thus led to realize how 
it is that a higher degree of resemblance is more 
advantageous than a lower degree. For this reason 
I have set forth below, by means of a hypothetical case, 
the principles which, in my opinion, have led to the 
gradual growth of Synaposematic likeness. 

If we suppose (t) that two species of butterfly, A and 
B, living in the same locality are equally distasteful to 
birds, and that young birds have to learn their qualities 
by the test of experience before avoiding them for the 
future ; (2) that during this education each young 
insectivorous bird destroys or prevents the reproduction 
of one example of each pattern ; (3) that the numbers of 
A and B are equal, but that half the individuals of B 
possess a pattern A\ indistinguishable from A^ and the 
other half, a pattern B' sufficiently distinct to require 
learning by a separate set of tasting experiments,— it 
follows that, if the inexperienced insectivorous birds of 
a given area be estimated at 20,000 and the two butter- 
flies at 1,000,000 each, then 20,000 losses will be suffered 
by the 1,500,000 individuals of pattern A -f A' and an 
equal number by the 500,000 of pattern B'. ^ In other 
words, pattern A' will lose and B' 4"/. 

In the vast majority of cases, however, the two species 
are not equal in numbers, but those of the mimicking 
species very much smaller. If, for the sake of illustration, 
we suppose the numbers of to be 1,750,000 and those 
of B 250,000 divided as before into A' and B\ it follows 
that A +A' would lose 20,000 out of 1,875,000 or a little 
over I (about i 07), and B' 20,000 out of 125,000 or 
j6y. It is thus possible at once to see why, when the 
numbers become very disproportionate, the only appre- 
ciable approach is from the side with the smaller number 
of individuals. 

The advantages of Diaposematic or Reciprocal Resem- 
blance may be illustrated in the same manner. Taking 
the numbers of the first illustration, let us suppose that ^ 
half the individuals of A, viz. A*, advance to meet an 
equal advance of half the individuals of B, viz. B*, so 
that the two form a single pattern A^ -V separate 
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from A and also from B. It follows that A* + B* will 
incur 20,000 losses out of 1,000,000, or 27^; while the 
two different patterns A and B will each lose 20,000 out 
of 500,000, or 4 7^. 

The examples are of course unnatural in a high degree, 
especially in the sharp separation of the patterns into 
distinguishable and indistinguishable. But they enable 
us to understand the advantage of a close over a rough 
resemblance and thus to realize the causes which have 
encouraged the growth of a Mullerian likeness through 
a long series of generations. 

3. Striking Examples of Mullerian Resemblance . — 
a The Neiv World. — The statements in Section i on pp. 
328-9 apply to the finished product, — the cases of perfect 
resemblance whxh are supposed to be indistinguishable 
to the inexperienced enemies. Although the mode of 
flight certainly facilitates discrimination,^ we must admit 
that the patterns of Melinaea mnenie and Heliconins 
numafa figured by Mr W. J. Kaye ^ are almost exactly 
alike. Their likeness reaches the climax of perfection as 
nearly as it is ever reached by these superficial resem- 
blances between members of distantly related groups. 
The plate shows seven examples of the Ithomiine and 
seven of the Heliconine. Each set is arranged to exhibit 
the gradual transition from a barred to a black hind wing. 
Each of the seven varieties of the Ithomiine is matched 
by a corresponding variety of the Heliconine. When 
the two patterns are compared it is at once clear that the 
Melinaea (Ilhomiinae) has acted as the model. It still 
presents an entirely characteristic Melinaea pattern which 
the Heliconins has adopted. There is no reason for 
believing that the latter is more palatable than its model. 
In addition to their mimicry of the Ilhomiinae the Helico- 

' H. W. Bates pointed out in the original memoir on Mimicry that the 
Heliconines ‘ move along in a sailing manner, often circling round for a 
considerable time, with their wings honzoiiially extended'. The Itho- 
miines, on the other hand, ‘ for the most part, keep near the ground, and 
have a very slow irregular flight, settling frequently.' Trans Linn Soc.^ 
Lond , vol. xxiii (1862), p 499. A small but distinct means of discrimi- 
nation between the patterns is mentioned on p. 350 of the present work. 

® Trans. Ent. Soc.^ Lond.^ 1906, pi. xxvi. 
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ninae extensively mimic each other, and are extensively 
mimicked by other Lepidoptera. The Heliconinae which 
resemble the Ithomiinae belong to the same group as 
those which resemble other Heliconinae, The likeness 
is even closer in some pairs made up of Heliconines 
than in any made up of an Ithomiine and a Heliconine. 
There is no good example of Procryptic colouring in the 
whole Sub-Family, and the Heliconine types of Apose- 
matic colouring are far more glaring than those of the 
Ithomiinae, When, however, we inquire into the relative 
numbers, it is seen at once that the Melinaea as an adver- 
tisement is hundreds of times as efficient as the Helicomus, 
because it is hundreds of times as numerous in the perfect 
state. With Mr. Kaye’s kind help I obtained two days’ 
captures of butterflies from the locality near the Potaro 
River, British Guiana, where this wonderful Mullerian 
combination has been chiefly studied. It was arranged 
that butterflies were to be taken as they came, without 
any selection. On the first day, August 28, 1903, just 
323 butterflies were captured, of which 253 were Meiinaea 
nineme, while 2 were Heliconinae — i Heliconius vetustus, 
and I Etieides nigrofulva Of these, the first-named very 
perfectly resembles the dark-hind-winged forms of the 
Melinaea^ while the Eueides is a far more outl) ing member 
of the combination On the second day, February 23, 
1904, out of a total of 325 butterflies, 220 Melinaea mnetne 
were taken, but not a single Heliconine.^ Mr. Kaye’s 
experience, extending over many years, quite confirms 
the extraordinary difference in numbers which was shown 
by the results of these two days’ captures. It may be 
argued that the very numbers of the Melinaea imply a 
higher degree of unpalatability, but this is by no means 
necessarily the case. Relative numbers are determined 
by many other causes, such as fecundity, attacks (chiefly 
parasitic) in the earlier stages, &c. 

We are led to conclude that during the period of gradual 
approach the varieties of H, numata which were most 
conspicuously different from the pattern of Melinaea 
nifieme suffered most, upon the whole, from experimental 
^ Proc, Ent, Soc,^ Lond,^ 1906, p. Ixi. 
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attacks, and that thus gradually the existing resemblance 
was reached and is by the same process maintained. 
The immense difference in numbers explains why it is 
that this approach appears to have been entirely from 
the side of the Hebcotiiiis^ and why the Melinaea was not 
appreciably affected. 

It is interesting to note that the same relationship 
obtains between the Heliconinae of the special group which 
provides the Mullerian mimics, and their models, whether 
Ithomiine or Heliconine. In both cases the models exist 
in immensely greater numbers. It has been argued on 
p. 332 that the Ithomiine models are not more unpalatable 
than their Heliconine mimics. There is obviously even 
less reason for supposing increased unpalatability when 
the models are themselves Heliconinae, 
b. The Old World. — We find precisely the same 
phenomena in the Old World. The distasteful much- 
mimicked Sub-Family, the Danainae, contains in addition 
to smaller aggregates two main groups, the Danaini and 
the Euploeini. Although the two are closely related, 
the last-named make up a homogeneous set of species 
with^a very characteristic appearance, and it is convenient 
to separate them from the far less uniform Dayiaiyii. The 
Danaini range all over the tropics of the Old World, 
are everywhere mimicked, and everywhere enter into 
synaposematic combinations within the group itself, and 
with distasteful groups outside. A very few of them 
enter the New World, where they are mimicked in North 
(see p. 274) but apparently not in South America. 
The Euploeini, on the other hand, are almost absolutely 
restricted to the Oriental and Australian Regions (includ- 
ing Southern China, Malaya, and Polynesia). Within 
that area they are predominant, and abound in species. 
They are much mimicked, and enter largely into synapo- 
sematic combinations , but the colours and patterns 
are almost invariably those of the Euploeini themselves. 
The wide difference between the superficial appearance 
of the Euploeini and that of other Lepidoptera in their 
area of distribution, together with the uniform colouring 
and pattern of their abundant species and genera (if. 
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indeed, these have been rightly made), have doubtless 
led to the development of combinations within the limits 
of the group, and the necessity imposed upon species of 
other groups to adopt the same Warning Colours. Once 
begun, such a process would of course tend still further 
to increase the uniformity within each combination.^ 

Now, are there any grounds in the above-mentioned 
facts for considering the Dayiaiiii more distasteful than 
the Ettploeini, or vice versa As regards the power of 
ranging the world and drawing towards them a variety of 
mimics of all kinds, the Dayiaini must be considered the 
superior ; as regards predominance on the one area where 
they both meet, the Euploeini take the higher place. 
But in respect to unpalatability there is no reason for 
considering one more highly protected than the other. 
Yet in the few cases where representatives of the two 
groups enter the same synaposematic combination, it is, 
so far as we know at present, nearly always a Danaine 
that is attracted, and assumes the characteristic, superficial 
appearance of the Euploeine type. This is readily ex- 
plicable, for the reasons given in discussing the case 
of Mehyiaea and Helico7iius» The Euploeine type is 
far better known and far more valuable as a warning 
character than that of the comparatively isolated Danaine 
which enters the combination. The same association 
contains not one but several species of Ejiploea, all super- 
ficially alike, and between them producing enormous 
multitudes of individuals.^ Euploeini of the Trepsichrois 

’ See also p 358, where the possible role of the male scent biands 
of the Euploeini is suggested. 

* The same explanation probably holds in a curious example from 
South America A species of the Nymphalme genus Colaems—C. teksiphe, 
is a beautiful mimic of a Heliconius with the same specific name, both 
being black insects with a broad red bar across the fore wing and 
a pale narrow stripe along the hind wing There is no doubt about the 
identification of model and mimic, for the pattern of the Colaents is 
isolated, while the Heliconius is in this respect related to many other 
speaes of its Sub-Family. I was therefore much surpnsed to see the 
mimic put down in a dealer's list at a shilling apiece, while the model 
was eighteen bence. I wrote for an explanation, and was informed, as 
I expected, that the prices represented the relative numbers of the 
Specimens sent by collectors. It is probable that here, too, the effect 
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mulciber group form an exception which supports the same 
conclusion ; for their females, although acting as models 
for the Elymniinae (see p. 372)» are undoubtedly them- 
selves mimetic of the principal Danaine combination in 
their localities. 

The same argument holds, and is even more convincing, 
in the synaposematic approach between species of the 
same genus, where there is even less ground for considering 
that the relation of model and mimic is determined by 
degrees of unpalatability. Mr. S A. Neave has shown, 
in an interesting paper, ^ that two of the dominant Dafiaini 
on the east and south of Africa, Ammirts echerta and 
A.albimaculata, — themselves so alike that they have been 
only recently separated on solid grounds, — come on the 
borders of their range under the influence of western 
species of the same genus with a different pattern. He 
shows conclusively, by measuring the diameters of a 
certain spot of the fore wing, that the eastern forms exhibit 
a more and more considerable synaposematic approach as 
they invade the districts where the western forms are 
more and more dominant (see also p. 337). Here, too, 
there is no reason whatever for regarding the effect as 
due*to degrees of unpalatability. 

We may summarize the above facts, and many more 
which are excluded by the exigencies of space, in the con- 
clusion that in any given area the more evidence we possess 
that certain widely different groups of butterflies are all 
specially protected in a high degree, the more certainly will 
it be found that (i) within each group there will be Mimicry 
between the species of the same genus, and also between 
the species of genera both allied and widely separated, 
and that (2) there will be Mimicry between the species 
of the different groups. Furthermore, the most perfect 

of the model is increased by the co-existence of other Hehconinae with 
somewhat similar patterns. Whether this interpretation be correct or 
not, the facts are opposed to the application of the Batesian Hypothesis. 
Mr. Marshall has also pointed out to me that Fritz Muller in 1878 
demonstrated the existence of stink-glands in the genus Colaems (Zeti. 
Wtfs. Zool , XXX, p. 168) 

* Trans. Ent. Soc.^ Lond,, 1906, p. 208 
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resemblances to models will generally be found among 
mimics with the highest degree of special protection. 

It must be again pointed out, as it has been before 
(see pp. 235-7), that these mimetic resemblances are in- 
dependent of affinity. In large numbers, even of closely 
related species, it can be shown that mimetic likeness is 
not ancestral, but has been superposed upon an earlier 
pattern which was entirely different. 

4. The Limit to Mtillerian Unification of Warning 
Colours in any Comitry — The Mullerian principle of 
unification of Warning Colours, as an aid in the education 
of enemies, would seem to carry with it the implication 
that the process will continue almost indefinitely until 
the utmost possible simplification is attained. The facts 
brought forward in the last Section might also be con- 
sidered to support this conclusion, Nevertheless, there 
can be little doubt that a limit is quickly reached, and that 
hencefonv^ard the main change consists in detaching the 
mimics or even the central models, when by migration, or 
spreading through increase of numbers, they extend beyond 
the influence of the original combination to which they 
belonged and come within that of another. The trans- 
ference would be, of course, more easily effected if the 
pattern of the new combination resembled that of the old. 
The Mullerian principle is reciprocal in its action, and 
the crowd of mimics in a given combination — the less 
perfect as well as the more perfect — all tend to keep the 
central member or members stable. 

The tendencies of Mullerian Mimicry are best studied 
in Africa, where the problem is far simpler than in South 
America The chief Ethiopian models, the Danaini, are 
represented by comparatively few species, and of these 
a high proportion form the centres of strong Mullerian 
combinations. Thus on the East Coast, the common 
conspicuous Danaines are Limnas chrysippus, Amauris 
niavius (form dominicanus), A, ochlea^ A. echeria and 
A, albimaculata. The two last, entering into the closest 
synaposematic relationship, form the centre of one strong 
combination, the first forms the centre of another, the 
second of another, the third of a smaller and less well- 
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defined association. Some species like Papilio dardanus 
[tnerope) have forms entering two or more of the com- 
binations (see below and pp. 373-5). The condition 
reached is probably stable: all the central patterns are 
clear, well defined, and very distinct from one another, and 
there is no reason for anticipating any tendency towards 
further unification. When, however, we pass westwards 
along the equatorial belt, it has already been pointed out 
(see p. 335) that A eckena and its ally, the central models 
of perhaps the most important eastern combination, come 
within the sphere of western species of Amanris and show 
evident traces of influence. Why should the edieria-albi- 
niaculata type be influenced here and not along the East 
Coast ? The answer is clear , because the pattern of the 
western Amauris is much nearer to that of the intruders 
than any of the eastern species of the same Danaine genus. 
This consideration suggests the probably sound conclusion 
that it would be impossible for these particular models 
from the East and West to form and keep distinct im- 
portant combinations on the same area. 

When we turn to the West Coast the same phenomena 
are met wjth. The Danaine models, when possessed of 
the same general pattern, tend to approach one another, 
or if the patterns be bold and isolated, to stand singly — in 
either case forming the centres of Mullerian combinations. 
In an extremely interesting example from the Cameroons, 
an abundant and dominant type of Amauris has drawn 
to it a species of a very different Danaine genus, Tirumala 
(or Melinda), — T. morgem. The resemblance is extra- 
ordinarily close and deceptive 

Having given examples of the changes that occur in 
the central members of Mullerian groups, it is now 
necessary briefly to describe the changes that occur in 
a few of the outlying members. This can be well 
illustrated from the eastern combinations which have 
been mentioned above One of the female forms of 
Papilio dardanus (merope), the cenca form, is a beautiful 
mimic of the echeria-albimaculata-cenir^A combination. 
As we pass westward, another bold and conspicuous 
model, belonging to the Acraeinae, makes its appearance, 
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a Batesian mimic. The same argument holds with greater 
force for the allied Precis antilope in which the resemblance 
to an Acraea is still more imperfect. 

It will be of interest at this point to exhibit in a tabular 
form some of the remarkable series of appearances which 
the wet forms may display in relation to the dry in the 
great genus Precis (including Junonia), 

S Afncan habitat Sj^cies of the Character of Under Surface of Wings 
of Species Genua Preen. Dry season, JVet season 

[Precis iugela Piocryptic Procryptic 


borest \ , 

, etgiva 


r Oriental] 

Woodland ,, 

, natalu a 
, almana 
, arta.\ la 

1 Directive marks (eye- 
) spots) developed 

Woodland and Open , 

, archcsia 

\ Far less well concealed 

Open, Swampy (in 
IMashonaland) 

, ^ letyih 

I than the dry forms 
Archesia I believe to 

, ' actia 

be Aposematic. 

Woodland j 

, ^ anti tope 

( , 

Very conspicuous , 

Woodland and Open 

, * sesamus 

roughly mimetic of an 
Acraea type. 


The types of country alluded to in the table are as 
follows : — Forest^ with heavy timber affording • deep 
shade , Woodland, without timber, trees small, affording 
light shade , Open, nothing higher than small scrub.® 

The discovery of the nature of the physiological 
stimulus determining the two forms of Precis is a most 
interesting problem, to which Mr. Marshall has devoted 
an immense amount of labour. The outcome of his 
splendid investigations under most difficult conditions is 
not yet published, and therefore I will only say that the 
results exhibit much that is puzzling and contradictory. 
As bearing upon the problem, it may be stated that the wet 

’ Dry form bred from wet by Marshall in 1905 . Prot Enl Soi,,Lond., 
1906, p Ivii. 

’ Dry form bred from wet by Marshall in 1903 Proc Ent, Soc , Lond , 
1903, p. xxxii. 

* Dry form bred from wet by Marshall in 1902 Trans Ent, Soc., 
Lend , 1902, pp. 418-20. 

* Dry form bred from wet by Marshall in 1898 : Ann. Mag. Nat. 
Hist., ser. 7, vol ii, July 1898, p. 30. 

“ Trans, Ent. Soc., Lond, 1902, pp. 422-3. 
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season ocellated phase of Precis almana, the asterie form, 
is the only one found in the permanently damp forests of 
Siam. The wide experience of Mr. T. R. Bell in North 
Kanara has led him to the belief that a larval food 
consisting of young succulent leaves containing abundant 
moisture, is the condition determining the wet season 
forms of the dimorphic butterflies that have come under 
his observation.^ (See also pp. 31 1, 312.) 

Mr. Marshall also considers that the under surface of 
the wet season Nymphaline butterfly, Byblia gotziusx^ 
mimetic of the Acraea screna type of pattern, while the 
under surface of the dry forms of it and B ililhyia is 
Procryptic " An intermediate ilithyia 2l Ary gotziiis 
bred by him from the eggs laid by wet season females 
are figured, together with the respective parents, by 
Dr Dixey/ In order to realize the general resemblance 
of these latter to an Acraea it is necessary to imagine 
the fore wings almost entirely covered by the hind, as in 
the attitude of repose. The application in the early wet 
season of dry warmth to the pupae of ilithyia caused 
a butterfly to approach the dry season type.' 

Di'. Di^ty has stated that, while the under surface in 
both sexes of Tcracolus regnia is clearly Procryptic in the 
dry season, it is in mimetic association with certain un- 
described forms of Belcnois in the wet.^ 

6 . Seasonal Transition in degrees of Synaposematic 
Defence, or from Aposeniatic to Synaposematic Defence . — 
Dr. F. A. Dixey has recently described the following inter- 
esting seasonal changes of Ethiopian Picrinael' The dry 
season male of Belcnois tliysa is a much better mimic of the 
male of A/ylotliris agatlnna than is the wet season male ; 
while the female thysa is an excellent mimic of the female 
agathina in the dry season, but does not mimic it at all 
in the wet. The Mylothns model shows no seasonal 

^ Ent, Mo. Mag , 1906, p. 122. 

* Eni Mo. Mag , 1902, p 49 

^ Trans. Ent Sot, Lond , 1902, p 189, pi iv 

* Jrans. Ent. Soc., Lond , 1902, pp 202, 203. 

® Proc. Ent Soc , Lorid , 1906, pp xcvi, xcvii 

" Proc Ent Soc., Lond , 1906, pp xxxvi, xxxvii, 1907, pp xxiii, 

XXIV. 
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change. Furthermore, the males of four species of 
Teracolus {achine, omphale, evenina^ antigone) are often 
nearly indistinguishable in the dry season but can be 
separated at a glance in the wet The same comparison 
holds, but to a less extent, with the females of the dry 
and M^et broods. A similar relationship obtains in two 
Indian species of the Oriental and Austro- Malayan 
Pierine genus Huphina, H. nadina and H. phryne. 

It is impossible to leave this part of the subject without 
alluding to the European Nymphaline , Araschnia 

levana and its later form prorsa, investigated by Weis- 
mann, and proved by him to be susceptible to the 
stimulus of temperature in the pupal stage- It has been 
suggested that the black white- marked form prorsa is 
mimetic of the species of Limenitis (White Admirals), 
which, although larger, possess a pattern of the same 
general type on both upper and under surfaces. The 
earlier brood levana has been similarly compared to a 
small Fritillary. If these suggestions be confirmed we 
should witness a seasonal transition m the kinds rather 
than the degrees of Mimetic and probably Synaposematic 
Defence. , , 

7. The Gradual Predominance of the Mullerian 
Hypothesis . — A brief history of the discovery of Miil- 
lerian Resemblances among the butterflies of South 
America, the East, and finally of Africa, has been given 
on pp. 222-3 ; their extension to explain the uniformity 
in the species of distasteful groups, and the resemblances 
between the Warning Colours of all kinds of forms in the 
same country, is referred to on pp. 230-4. A fuller 
statement of the essential differences between the rival 
hypotheses will be found on pp. 211-15 

Reasoning, based on the investigations of the last 
13 years, has tended more and more to remove exam- 
ples from the category of Batesian (Pseudaposematic) 
Mimicry and transfer them to that of Mullerian (Synapo- 
sematic) Resemblance. Thus almost the whole of the 
butterflies and moths shown in the lecture before the 
British Association (1890) as examples of Batesian 
Mimicry would now be looked upon as instances of 
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Common Warning Colours (Mullerian Resemblance). 
Some of the reasons for this change of view are briefly 
indicated on pp. 370-6, where a nearly complete list^ of 
the examples intended to illustrate Protective Mimicry 
is quoted. 

The recent sudden growth in the importance of the 
Mullerian Hypothesis in Lepidoptera dates from two 
papers 2 published by Dr. F. A. Dixey in 1894. In 
these it was shown that both Pierines and Papilios enter 
Mullerian associations. Two years later Dr. Dixey wrote, ^ 
after again discussing the Mullerian relations between 
Heliconines and Pierines — ‘ The same argument will 
apply to features similar to the above which may be seen 
in certain Papiliojiinae, Nymphahnae, Erycinidae, and 
even in some moths. And I may say in passing that 
P'ritz Mullers principle here referred to appears to me 
to be of much wider application than has been hitherto 
supposed. There exist several large groups more or less 
uniform in their scheme of coloration, though hetero- 
geneous in their affinities, which it seems almost certain 
will in the mam turn out to be cases of “ inedible associa- 
tions", eaqh one possibly including a few instances of true 
mimicry within its borders.' 

The wonderful sets of South American butterflies 
selected by Mr. W. F H. Blandford from the Godman- 
Salvin Collection, and exhibited at the Entomological 
Society of London ^ in 1896 and 1897, ^Lo had a marked 
effect in stimulating interest in the Mullerian Hypothesis. 

It was at once obvious that the most remarkable resem- 
blances were those between species belonging to the most 
highly protected groups, and especially between the 
Ithomiinae and Heliconinae 

The change of opinion is not only due to a re-study 
of the old examples, but to entirely new material which 

^ The list IS complete except for the examples illustrating the history 
of the transparent-winged mimics of Hymenoptera These are quoted 
on pp. 365-6. 

“ Bnf. Assoc. Rfpor(^ 1894, p 692. Abstract Trans. Ent, Soc,^ Lond ^ 
1894, p 298. 

® Trans. Ent Soc ^ Lond.^ 1896, p. 75. 

* Proc. Ent. Soc,, Lond.^ 1896, p. xxxviii, 1897, p. xxii. 
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seemed at once to call for the Mullerian rather than the 
Batesian interpretation. A fine instance is to be found 
in the wonderful African group shown by Mr. G. A. K. 
Marshall to converge towards the distasteful Lycid beetles. 
It is briefly described on p. 276. 

The chief lines of indirect evidence in favour of the 
' Mullerian interpretation are due to the investigations of 
Dr. F. A. Dixey. They are briefly set forth in the two 
following Sections. These will be succeeded by three 
further Sections in which additional lines of indirect 
evidence will be considered. The sixth Section from the 
present point, Section 13, will be devoted to the discussion 
of counterbalancing evidence which is believed to support 
the Batesian interpretation. 

8. Diaposematic Resemblance , Reciprocal Warnmg 
Colours, — Dr. F. A. Dixey first recognized the fact that 
in certain cases of superficial resemblance the butterfly, 
hitherto regarded solely as the model, has itself advanced 
to meet the very different species regarded as its mimic. 
For this attainment of a resemblance by mutual approach 
he suggested the name ‘ Reciprocal Mimicry Dr. Dixey 
also argued with great clearness and fofce ‘,that 
reciprocal mimicry can only take place in Mullerian 
associations, not in Batesian , and that it is therefore . . . 
“good evidence of the distastefulness of all the forms 
between which it can be shown to occur ’’ The present 
writer has urged ^ that the name ‘ Reciprocal Warning 
Colours’ IS more appropriate than ‘ Reciprocal Mimicry’, 
inasmuch as Mimicry, as first explained by H. W. Bates, 
is invariably a deceptive or Pseudaposematic Resem- 
blance. In order to include Dr, Dixey s principle in the 
terminology proposed in 1890,'* the name ' Diaposematic 
Resemblance’ was, with Mr. Arthur Sidgwick’s assistance, 
suggested for it.^ 

^ Trans. Eni Soc , Lond ^ 1894, p 298. 

^ Trans. Ent Soc ^ Lond , 1897, p. 328. In the above passage 
Dr. Dixey is quoting from his earlier paper in Trans. Ent Soc , Lond ^ 
1896, p 75. 

^ ProL. Eni Soc , Lond ^ 1897, pp xxvni, xxix. 

* Colours of Ammals, 1890, pp 336 et sqq. 

® Ptoc. Ent. Soc.y Lond., 1897, p. xxix, n, 
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Further examples of Diaposematic Resemblance have 
been suggested and considered in recent years by 
Mr. S. A. Neave ^ and the present writer.^ 

9. Primary and Secondary Mullerian Resemblatue ; 
Proto- a 7 id D cuter os^yyiaposematic Resemblance, — The prin- 
ciples discovered by Dr. Dixey and briefly described 
in the preceding Section are further set forth in the 
following passage ‘ Every conspicuous and distasteful 
form is a centre of attraction for other forms, whether 
edible or inedible , but in the former case (Batesian 
Mimicr}) the mimetic attraction is limited in operation, 
and acts only in one direction, influencing nothing but 
the mimic, while in the latter case (Mullerian Mimicry) 
the mimetic attraction is unlimited and mutual, acting 
reciprocally in both directions, and influencing each 
member of the group.’ ^ This and other passages in 
Dr. Dixey's important series of papers on the Mullerian 
principle,^ have prepared beforehand for the discovery of 
many cases, especially in Ethiopian butterflies, where the 
species of a single combination, in addition to their primary 
resemblance to some central model (almost invariably 
a Danaiye) have undoubtedly been modified into a 
Secondary Resemblance to each other.'' Such Deutero- 
synaposematic approach is quite independent of affinity ; 
for the blood-relationship of a species to the primary model 
may be far closer than it is to a co-mimic towards which 
It is drawn by Secondary Resemblance. It is obvious 
that the existence of these complex resemblances supports 
the interpretation of the group within which they are 
manifested as Synaposematic (Mullerian) rather than 
Pseudaposematic (Batesian).*^ It is interesting to note 
that in certain cases the Secondary Resemblance is 

' Trails Ent, Soc , Loud , 1906, pp 216-18. 

Trans, Ent. Soc , Land , 1902, pp 488-90. 

^ Trans Ent, Soc , Lond ^ 1897, pp 324-5 
^-See p. 213, n i 

’ Trans. Ent Soc , Land , 1902, pp. 470-2, 485-7 The same 
phenomenon has been observed in African Coleoptera, /. c pp. 511-15. 

® Hence it was probably erroneous to suggest the existence of 
Secondary Balesian Mimicry (Deuteropseudaposematic Resemblance): 
ic p. 515. 
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closer between the species exhibiting a strong Primary 
Mimicry than between those exhibiting a weaker resem- 
blance to the central model. This suggests that the 
Secondary Resemblance is of permanent value, and not a 
mere phase which will ultimately be lost in the Primary 
Resemblance.^ 

The very best example of Secondary Mimicry I have 
ever seen was shown to me, when a young man, by the 
late Professor Westwood. He asked what I thought of 
two small transparent - winged, black-marked South 
American Lepidoptera with hind wings margined in red 
and black. Did I think they were the same species ^ 
To my inexperienced eyes, attracted by the pattern, 
they looked absolutely alike. Did I think they were 
the same genus or family, and finally was it possible that 
one was a butterfly and the other a moth ? And so it 
proved to be ^ The model was a small Erycinid 
butterfly, itself a mimic of an Ithomiine; the mimic a 
day-flying moth of the same size. In this remarkable 
case, the Secondary Mimicry was far closer than the 
Primary. Not only is the Erycinid shown to be 
specially protected by acting as a model, but .ihe moth 
itself was a member of a conspicuous distasteful group. 

JO. Further Indirect Evidence Supporting a Milllerian 
or Synaposeviatic Inteipretation — The following generali- 
zations, first published m 1902,- support the Mullerian 
interpretation of a large number of examples previously 
explained upon the Batesian Hypothesis. 

(а) The fact that mimetic likeness tends to run in 
genera or larger groups and is rarely seen in single 
isolated species. It is more reasonable to explain this 
fact by the hypothesis of some special defence common 
to the group in question, than by supposing that all 
or almost all of its members are compelled to shelter 
themselves under a deceptive likeness to other dominant 
and specially defended forms. 

( б ) In many cases it is known that the mimetic groups 
are large and dominant, and the individuals of many of 

' Trans, Ent. Soc,, Lond.^ 1902, p. 485. 

® Trans Ent. Soc., Lond.y 1902, pp. 500-2 
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the species excessively abundant. Some mimetic species 
have an immense range, in the case of Hypolimnas 
misippus far exceeding that of the model.^ 

(c) The marked tendency towards Mimicry in the 
species of a single group cannot be explained by here- 
ditary transmission of the mimetic form attained by a 
single ancestral species, or from the tendency of closely 
related species to vary along nearly the same lines. As 
a matter of fact, the species of such groups, mimicking 
various different models, have been led to diverge in all 
kinds of directions. 

(d) The non-mimetic species of mimetic groups and 
the non-mimetic males of mimetic females are, as 
a rule, distinguished by a conspicuous and apparently 
Aposematic colouring Such Aposematic patterns are 
especially developed on the under surface of the wings, 
where Procryptic colouring is found in other butterflies. 

(e) The converse of this last argument is also true, viz , 
some of the species in a group, which is as a whole 
markedly conspicuous and itself mimicked, are often 
mimetic of quite other groups Forms closely related 
to Mimetijc species tend to be Aposematic , Forms closely 
related to Aposematic species tend to be Mimetic. 

(/) The non-mimetic species of mimetic groups and the 
non-mimetic males^ of mimetic females are sometimes 
themselves mimicked. 

(^) Species which mimic the best known and pre- 
sumably the most unpalatable models are often in certain 
points even more conspicuous than their models. They 
appear to have retained some traces of Warning 
Characters which they possessed before the mimetic 
likeness was assumed."^ 

(A) The fact that the resemblance between species 
belonging to the admittedly distasteful groups is far 
closer and more perfect than that between these and the 
species of groups believed to be palatable. 

' See p. 216 

* A good example is described on pp. 217-18. 

* For examples see pp. 371, 375. Another very good instance is seen 
in the great Ethiopian AU/is-Fuphaedra combimhon mentioned on p. 232. 
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II. Mullerian Resemblance Associated with Warning 
Colours; Batesian Mimicry Associated with Cryptic 
Colours . — Protective Mimicry is, as Wallace has stated, 
merely ‘ an exceptional form of protective resemblance ’ 
(see p. 226). On the other hand, Mullerian Resemblance 
^ only differs from ordinary Warning Colours in that it is 
common to two or more species. When, therefore, we 
desire to obtain a general indication of the probable 
interpretation of a certain resemblance it is reasonable 
to consider as a whole the group to which the species 
exhibiting it belongs. Tested in this way, the vast 
majority of the superficial resemblances of the Lepi- 
doptera and Coleoptera — for the two Orders supply 
wonderfully concordant evidence ^ — are Mullerian and not 
Batesian. They are chiefly manifested in groups with 
distinct Warning Colours, and, furthermore, the principal 
Aposematic sections always seem to include examples of 
these resemblances. In the Cryptic groups, on the other 
hand, they either do not occur or else they form w^ell- 
defined subordinate groups, of which all the members 
are Mimetic, or Mimetic and Aposematic. The further 
the study of Mimetic Resemblance is carried the more 
clear it becomes that the affinity is with Warning and not 
with Cryptic Colours. We meet with striking exceptions, 
however, in the species with a Mimetic pattern on the 
upper and a Procryptic pattern on the under surface (see 
pp. 350-4), as well as in the seasonal transitions of certain 
species (see pp. 320, 339-41). 

Equally significant is the ever-increasing evidence that 
groups which contain imitators also include other species 
which are imitated. The same species may even act in 
both capacities, as has been described on pp. 215-18. 

A very striking example was discovered by Mr. R. 
Shelford in Borneo. Longicorn beetles belonging to 
the Clytinae tend, nearly all over the world, to resemble 
wasps or other specially defended Hymenoptera. This 
is the case with our own Wasp-beetle (Clytus arietts) 
as described on pp. 251-2. Well, Mr. Shelford has 

‘ Trans. Ent. Soc.^ Lond.^ 1902, pp. 392-7. 
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shown ^ that in Borneo many non-mimetic Clytinae are 
themselves resembled by entirely different Longicorn 
. beetles, and as soon as attention was directed to the case 
Mr. C. J. Gahan found the same thing happening in 
Ceylon. 

1 2. Mimelu Patterns in Stations or Localities Different 
from those of the Model , — Many examples are already * 
known in which the mimic inhabits a station where the 
model is rare, or even unknown. Thus the Geometrid 
moth A braxas etridoides is found on the hills and its model 
Teracolus etrida in the plains of Southern India. Only 
recently I have heard from Mr. S A. Neave that several 
of the African mimics of chrysippus, belonging to the 
Nyttiphalinae^ Acracinac, and Lycae^iidae prefer the wood- 
land while their model is chiefly found in open grassy 
places. Still more strikingbutmuch rarer are the instances 
in which the mimic is found in a very different locality 
from Its model (see pp. 217, 218). The spreading of a 
mimic beyond the range of the model is probably by no 
means rare a remarkable example is quoted on p. 216. 

All these curious relationships are difficult to under- 
stand onJ;he Batesian Hypothesis, easy on the Mullerian. 

It is impossible to believe that sharp-sighted enemies 
would remain deceived by the likeness of a palatable 
mimic in one station or locality to a distasteful model in 
another. But if we suppose that the mimic also is dis- 
tasteful and possessed a warning pattern of its own before 
the mimicry began, the interpretation is clear. Its mimetic 
pattern still remains a warning of distastefulness, more 
easily learnt, that is learnt with less waste of life, because 
it is similar to that of a still more abundant distasteful 
form well known to the enemy. In this way, too, it is 
possible to understand why the growth of a very perfect 
resemblance often leaves untouched some small but dis- 
tinct discriminating feature. Thus differences in habits 
and modes of flight often persist and would be recognized 
by an observant enemy as they are by the naturalist. 

^ Proc Zool Soc , Lond.y 1902, vol. ii, pp. 250-1. See also the corre- 
sponding illustrations on pi. xx. 

• /. €., p. 252. 
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Thus, too, traces of the scalloped border are almost 
invariably retained by the mimetic species of Hypolimms, 
and a Heliconine can nearly always be distinguished at 
a glance by the short radiate white lines on the black 
border of the hind wing under side. These take the 
place of roundish white spots which occupy the same 
position in the Ithomime model. 

It is possible that simple and easy means of discrimina- 
tion such as those described in the last paragraph may 
facilitate recognition between the sexes (see p. 358). But 
whatever be the value to the species, their persistence is 
a far greater difficulty on the Batesian than on the 
Mullerian Hypothesis. 

13, Classes of Facts which have Recently been Urged in 
Support of the Batesian Hypothesis — Many arguments 
have been given in favour of the Mullerian as opposed 
to the Batesian interpretation of Mimicry, and now two 
counterbalancing considerations remain to be discussed. 

a. Butterflies Exhibiting Mimetic Resemblance on the 
Upper Surface of the Wings and Procryptic Defenee 
on the Under Surface. 

Instances of this interesting combination of methods 
are rather rare, the chief examples being found in a single 
Sub-Family in the Old World and a single genus in the 
New. Other instances belonging to the Nymphalinae 
however, not uncommon. Dr. Dixey considers that the 
same combination is to be found in several Pierinae, e. g. 
in the genera Teracolus and Eronia.'^ 

In the tropical American Nymphaline genus Protogonius 
the whole of the species or sub-species are imperfect but 
undoubted members (as regards the upper surface) of the 
principal Ithomiine-centred Synaposematic combinations 
of their respective localities. They reproduce roughly 
but clearly the characteristic elements of the pattern 
whatever they may be . the barred black and tawny 
pattern of Central America and Venezuela, the over- 
spreading yellow of Trinidad, the darkened hind wing 
of the Guianas, the yellow hind wing stripe and white fore 

^ For Mimicry in the latter genus see Proc^ Ent. Soc.^ Lond,^ 1906, 

pp. XZX, XXXI, 
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wing apical spot of Eastern Brazil, the chestnut ground- 
colour of the Upper Amazon at Ega, the bold black and 
tawny of Ecuador, Bolivia, and Peru. The Procryptic 
colouring of the under surface differs from the mimetic 
pattern of the upper in its perfection. The resemblance, 
invariably to a dead leaf, is remarkably detailed and 
beautiful. The general colouring of the upper surface 
does indeed influence the under, but never in such a 
manner as to interfere in any way with the cryptic effect. 
Thus, the under surface of the dark forms from Ega and 
Peru is mottled with rich dark shades of brown, while in 
the pale and yellowish Protogoiims from Trinidad the 
shades are light in tint and include prominent greys and 
yellows. Similarly in every locality a correspondence 
between upper and under surface is at once evident, but 
nevertheless the first always remains roughly mimetic, 
the second beautifully cryptic. The hind wing in this 
genus possesses a well-developed ‘ tail somewhat ex- 
panded at the end, and this is probably Directive during 
the active condition, serving to divert attacks from the 
body, while during profound rest it may resemble a leaf- 
stalk and j:hus aid in the cryptic effect. This suggestion 
requires for its confirmation the careful observation of 
the living insect. 

The interpretation of the facts presented by this deeply 
interesting genus is by no means easy. It has been 
brought forward by Mr R. Shelford ^ as an instance of 
Pseudaposematic or Batesian Mimicry, and I have always 
thought that it afforded some of the strongest, probably 
the very strongest, evidence in support of the existence 
of such resemblances among butterflies. The colouring 
of the upper surface is undoubtedly displayed during flight, 
and has been developed in relation to attacks made when 
the butterfly is upon the wing.- The mimicked Aposematic 
pattern would of course make the butterfly extremely 
conspicuous, while at the same time the roughness of 
the resemblance and different mode of flight would render 
it easily distinguishable among the crowd of Ithomiines, 

‘ At the Entomological Society, June 5, 1907 Unpublished, 

’ See W. J. Kaye m Jram. EnL Soc.^ Lmd y 1906, p. 431. 
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HcHconines, &c. Again, the fact that every form in the 
genus is mimetic leads us back to a mimetic common 
ancestor. Now there is no difficulty in understanding 
such an evolutionary history in a group of closely related 
Mullerian mimics. The common ancestor possessed 
some special protection m the way of unpalatability, &c., 
and adopted the Warning Colours of other more power- 
ful combinations, also specially defended. The species or 
forms to which the common ancestor gave rise inherited 
the defensive quality, spread into various districts, and 
joined the local Synaposematic combinations. It is very 
different when we attempt to reconstruct this history on 
the hypothesis of H. W. Bates, and try to imagine qualities 
in an ancestor which would determine universal Pseud- 
aposematic Resemblance among the descendant species. 
Upon the whole, therefore, it is probable Proiogonius 
is specially protected like so many other Nymphaline 
genera, and that the defence holds against the majority 
of enemies that attack butterflies upon the wing. Against 
these all the advantages of Mullerian Resemblance would 
be gained. Such enemies, put on their guard by the 
well-known Warning Colours, would learn to ,avoi4 this 
member of the group with a lessened waste of life from 
experimental tasting. Against special enemies that 
would devour them in spite of their special defence, the 
cryptic colouring would be a valuable safeguard, making 
the insects extremely difficult to mark down when they 
came to rest. The concealed under surface is also of 
importance — probably of supreme importance — as a pro- 
tection against the class of enemies that hunt for insects 
in a state of complete repose. 

Before passing to the consideration of the next group, 

I desire to state that the interpretation of these two 
difficult cases is put forward in no confident or dogmatic 
spirit. The balance of evidence appears to me to 
suggest the conclusion here stated. It is impossible 
to predict whether the further knowledge, so greatly 
needed, will bring with it confirmation or revision. 

The chief Old World examples which manifest the 
same interesting combination are to be found in the little 
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Nymphalid Sub-Family the Elymniinae, closely related 
and, by many systematists> united to the Satyrinae, With 
a very few possible exceptions the whole of the 
Elyntniinae are mimetic. Both sexes of the few Ethio- 
pian forms resemble Acraeinae — closely upon the upper 
surface, more roughly but still distinctly on the under. 
The Oriental and Austro-Malayan forms mimic Etiploeim, 
Danaini, Pierinae, and Morphinae (or Aniathusiinae, as 
the Old World representatives of the group are some- 
times called). Of all these the Euploetni^ forming the 
dominant distasteful group of the Regions, are by far 
the most important as the models of this Sub-Family. 
The females are in many of the species far more 
striking mimics than the males, and often mimic 
different models The Mimetic Resemblance on the 
under surface is in some species very perfect, in others 
imperfect, while in a considerable proportion it is replaced 
by a Procryptic Resemblance to dead leaves which, 
although wanting the perfection and detail of Protogomus, 
IS doubtless very efficient in promoting concealment. A 
small number of species which do not fall into the above 
categories apparently possess Warning Colours peculiar 
to themsefves, or patterns which, without further evidence, 
we cannot as yet interpret 

Mr. Shelford, who has had an intimate experience of 
the male of the Bornean species, Elyninias ( iMelynias) lats, 
describes it as closely resembling, upon the wing, the 
abundant Danaines of the genera Caduga, Paranoica, &c., 
but disappearing the moment it comes to rest on the 
ground among dead leaves, when the procryptic under 
surface is alone visible ^ From this he infers, as in 
Protogonius, that the butterfly is palatable to birds 
which would reject the Danaine model as unpalatable, 
but that these enemies do not distinguish the one 
from the other when upon the wing . in other words, 
he considers the resemblance to be Pseudaposematic, or 
an example of Batesian Mimicry. This conclusion may 
be sound, both for Protogonius, Elym 7 nmae, and other 
forms with the same methods of colouring. It must in any 
^ Proc. Zool. Soc.^ Lond., 1902, vol. li, p. 259. 

A a 
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case be admitted that the Batesian interpretation is more 
probable here than in other butterflies. But, for the 
reasons given in the discussion upon Protogonius, it ap- 
pears to me that the balance of probability is the other 
way. The Elymniinae being, almost without exception, a 
mimetic Sub-Family, we must certainly assume a mimetic 
ancestor with qualities determining mimetic descendants. 
It has been already shown that such a history is con- 
sistent with the Mullerian interpretation, but with our 
present knowledge difficult or perhaps impossible to 
reconcile with the Batesian Hypothesis (see p. 352). 

b. Dimorphu or Polymorphic Mimetic Butterflies with 
Forms Resembling Different Models. — The phenomenon 
described in the title of this Sub-Section is quite common 
among mimetic species. Examples will be given m 
a later part of this Essay (see pp. 372-5) showing 
that the male and female of a mimetic species may 
resemble different models , that the male may resemble 
one model, and two kinds of female two others ; that 
a non-mimetic male may be accompanied by two, three, 
or even four forms of female mimicking different models. 
The great example of this latter complex form of mimicry 
is of course the Ethiopian Papilio dardanus (merope), 
described on pp. 373-5 

At first sight such cases appear strongly to support 
the Batesian interpretation. His hypothesis assumes 
that the resemblances are a fraud which, if detected, 
would lead to the destruction of the mimic. It may be 
admitted that great increase in numbers would multiply 
the chances of detection, and hence, upon the Batesian 
Hypothesis, the advantage to a mimic of dividing its indi- 
viduals among two, three, or four models instead of 
concentrating all of them upon a single one Accepting 
this conclusion, I was much startled in 1902,^ when 
considering the African Acraeine butterfly, Acraea 
esebria, to observe that this protected and distasteful 
species possessed two forms of mimetic female, both re- 
sembling Danainae — one Limnas chrysippus and the 
other the black and white species of Amauris. 

* Trans. Ent, $oc ^ Lond.^ 1902, p 469 
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‘When an abundant welbprotected Acraea thus 
approximates to two very different Danaine patterns, 
it is obvious that we are not necessarily driven to 
a Batesian interpretation of the forms of the female 
Papilio cefiea [the southern and south-eastern sub-species 
of P. dardamis [nierope)\ which approximate to the 
y)pearance of A mauris echcria as well as to . . . two other 
Danaine types. . The enemies of chrysippus and the 
species of Amauris are certainly not precisely the same, 
and it may well be an advantage to a Mullerian mimic to 
secure that increased protection from [the experimental 
attacks of] insect-eating enemies, which is conferred by 
belonging to two or more groups. ... It is probably of 
advantage to the whole group that the Danaine which 
set the pattern should still be the dominant member of 
the assemblage of which it is the centre This dominance 
is favoured by the individuals of an abundant species 
joining two or more groups, instead of throwing the 
whole of their number into a single one.’ ^ We may add 
to these considerations the advantages that would be 
gained from differences in the distribution or local pre- 
domjnance of the various models, and from any overlap 
they may exhibit in time A Mullerian mimic belonging 
to two or three combinations is far more likely to be 
surrounded by models and co-mimics in any given place, 
or at any given time, than a mimic which belongs to 
a single one. Indeed, when we consider it, there is no 
essential difference between a mimetic species such as 
Hypolimnas nusippus, or A cram encedon, presenting three 
forms resembling respectively the three forms of the 
single species, Liannas c hr ystppus, which serves as a model, 
and the cases under discussion where models of two 
or three very distinct species are mimicked. The 
advantages conferred are probably nearly the same, and 
a specific identity, or remote affinity, between a set of 
models in any area would not in itself affect the selective 
process by which they became mimicked by the forms 
of a single species 

It is thus seen that the polymorphism of a mimetic 
^ Tram EnL Soc y Lond ^ 1902, p 469* 
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species, leading it to resemble two or more models, 
although at first sight suggesting only a Batesian inter- 
pretation, does not by any means exclude the Mullerian. 
The facts presented by a dominant well-protected 
Acraeine mimic prove that a resemblance to more than 
, one model cannot serve as a criterion between the two 
rival theories. 

14. A Possible Instance of Observable Change in 
a Member of a Mullerian Group since 1825-7. — A power- 
ful combination ^ of distasteful butterflies in Eastern 
Brazil has developed a characteristic pattern of which the 
most marked feature is a bright yellow horizontal band 
running along the hind wing. The central members are 
Ithomiinae and Heliconinac, An outlying member is the 
Danaine butterfly Lycorea halia, with a pale band instead 
of a bright yellow one. In the Hope Collection at Oxford 
there are eight examples, captured by W. J. Burchell, 
in Brazil, between Nov. 10, 1825, and Dec 24, 1827. 
There can be no doubt that these specimens, which are 
in very good condition, are on the whole further removed 
from the combination than captures of recent date, ‘ inas- 
much as the band is but slightly paler than the tawny 
ground colour of the wing * Unless, therefore, there has 
been a darkening of tint with age, we have here an example 
of approach towards the combination since 1825-7. The 
case is precisely of the kind in which some observable 
change might be looked for. That a butterfly which is 
outlying to-day should have been even more outlying 
seventy-five years ago, is not surprising. But many 
further observations must be made before the evidence 
can be accepted as in any way satisfactory.^ 

B. Allaposematic Colours, or Adventitious 
Warning Colours. 

Certain palatable animals make use of the Special 
Defence and Warning Colours of other forms. Thus, 
the common English hermit-crab, Pagurus bernhardu^, 

^ Blandford’s Senes iv, Group 3, Division {a) see Proc. Eni Soc., 
Land, 1897, p. xxiv. 
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commonly carries on its borrowed shell the conspicuous 
stinging sea-anemone Sa^arita parasitica ; while an- 
other English species, Pagurus prideauxiP', inhabits 
a shell which is invariably clothed by the flattened 
Adamsia palliata. Two crabs (Poly dec tus cupulifeP^ 
and Melia tessellata^), from Mauritius, described by 
Mobius, invariably held a sea-anemone in each claw. 

Two other groups of animals, sponges and Ascidians, 
in addition to sea-anemones, are avoided by enemies of 
the Crustacea, and these are also employed by the latter. 
Thus the British hermit-crab Pagurus cuanensis'^ is 
found in shells which are covered with a (generally) 
brightly-coloured sponge (Siiberites domu?icula) Mobius 
also describes a Mauritian hermit-crab (^Ascidiophtlus 
caphyraeformis^) which lives in a case formed by an 
Ascidian. 

C. Episematic or Recognition Characters. 

Episematic Colours are the logical antithesis of Apo- 
sematic, their object being to assist in keeping friends toge- 
ther instead of keeping enemies at a distance. Episematic 
markings, help the individuals of the same species to keep 
together when their safety depends upon numbers, or to 
follow each other to a place of safety, thus enabling the 
young and inexperienced to profit by the example of the 
older Episematic characters are far less common than 
Aposematic, and these than Cryptic ; although, as regards 
the latter comparison, the opposite impression is generally 
produced from the very fact that concealment is so 
successfully effected. 

The white patch near the tail which is frequently seen 
in the gregarious Ungulates, such as the Red Deer*, 
and is often rendered conspicuous by adjacent black 
markings, probably assists the individuals in keeping 
together ; and appearances with perhaps the same inter- 
pretation are found in many birds. The white, upturned 
tail of the Rabbit * is probably of use in enabling the 
individuals to follow each other readily. Many of the 
sounds made by animals probably have the same meaning, 
as also the characteristic flicking movements with which 
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the individuals of certain burrowing species disappear 
into their tunnels. 

Episematic markings afford a very good illustration of 
the subordination of the individual to the community or 
species which is so evident in nature whenever we look 
beneath the surface. It is only the superficial observer 
who sees the triumph of individualism in the sway of 
Natural Selection. Nevertheless, the danger of Recog- 
nition Characters is reduced to the lowest possible level. 

The difference between a typical Aposematic Character 
appealing to enemies, and an Episematic Character 
intended to assist other individuals of the same species, 
is well seen when we compare such examples as (i) the 
large, banner-like white tail, conspicuously contrasted 
with the black or black and white body, by which the 
slow-moving skunk warns enemies of its power of emit- 
ting an intolerable odour, (2) the small, upturned white 
tail of the rabbit, only conspicuous when it is likely to be 
of use, and when its owner is moving, and, if pursued, 
very rapidly moving towards safety in the burrow. 

It is by no means improbable that the wonderfully 
exact likeness between closely allied butterflies with 
Common Warning Colours would tend to confuse the 
sexes, and that the remarkable differences in the scent- 
patches of males in certain groups [Euplocmi, certain 
Danaim, Heliconinae^) have been developed in order to 
facilitate recognition by females of the same species.^ 

III. PSEUDOSEMATIC RESEMBLANCE, OR 
PROTECTIVE (BATESIAN) AND AGGRES- 
SIVE MIMICRY. PSEUDAPOSEMATIC AND 
PSEUDEPISEMATIC RESEMBLANCES. 

Protective and Aggressive Mimicry may be defined as 
False Warning and Signalling Colours [Psendoseniatic), 
repelling enemies by the deceptive suggestion of some 
unpleasant or dangerous quality {Pseudaposematic), or 

^ W. J. Kaye in Proc. Ent Soc., Lond,, 1907, p. xiv. The margin of 
glistening scales which by its breadth in the males divides the Helicontnae 
into two sub-groups, is in all probability a scent-producing area, 

* Poulton in Proc» Eni. Soc., Lond.y June 5, 1907, p. xl. 



IN DEFENSIVE COLORATION 359 

alluring prey by the deceptive appearance of something 
attractive to them [Pseudepisematiq, Even foreign objects 
commonly associated with some well-defended and aggres- 
sive species may be mimicked by a comparatively defence- 
less form {Pseudallaposematic). 

I, Various Uses of the Term 'Mimicry' : The Essen- 
tial Element in Batesian Mimicry. — Mimicry is often 
extended to include all the superficial resemblances 
between animals and any part of their environment. 
It was thus employed by Bates, although the character- 
istic and original part of his memoir deals exclusively 
with Protective Mimicry. Wallace separated the Cryptic 
Resemblances already described, and the majority of 
naturalists have followed this convenient arrangement. 
In Cryptic Resemblance an animal gains a likeness to 
some object of no interest to its enemy or prey, and in 
so doing is concealed. In Protective Mimicry an animal 
resembles some other animal (almost invariably with 
Warning Colours) which is especially disliked by its 
enemy , in Aggressive Mimicry an animal or some part 
of It resembles an object which is especially attractive to 
its prey. In either case conspicuousness to enemy or 
prey respectively is the usual incidental result 

Excluding Cryptic Resemblances, the term ‘ Mimicry’ is 
generally used to express a resemblance, independent of 
affinity, between certain species inhabiting the same 
country — a resemblance which appeals to the senses of 
enemies, especially to the sense of sight, not uncommonly 
to hearing, occasionally to smell and touch. Even this 
definition is, however, far too wide, and includes at least 
five distinct kinds of resemblance, to only one of 
which the term ‘Mimicry’ as explained by Bates’s well- 
known hypothesis is strictly applicable. 

a. The resemblance of a mollusc to the coral on which 
It lives, or an external parasite to the hair or skin of 
Its host, would be Procryptic. 

b. That between moths which resemble lichen, Syn- 
cryptic (see p 312). 

c. That between the Insectivor mole and the Rodent 
mole, Syntechnic (see p. 312). 
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d. That between distasteful insects, Synaposematic 
(see p. 327). 

e. That between a palatable mimic and its unpalatable 
model, Pseudaposematic or Mimetic in the Batesian 
sense. ^ 

The essential element in Protective Mimicry is that it 
’ is a False Warning (Pseud-Aposematic) ; in Aggressive 
Mimicry that it is a False Attraction (Pseud-Episematic). 

Some have considered that Mimicry implies resem- 
blance to a movi7ig object, but apart from the various 
other likenesses between animals shown in the above 
classification, there are common Cryptic Resemblances 
to drifting leaves, swaying bits of twig, &c., while true 
Mimetic Resemblances are often specially adapted for 
the attitude of prolonged rest. 

The term ‘ Mimicry’ is generally used to include Synapo- 
sematic as well as Pseudaposematic Resemblances, the 
former being spoken of as ‘Mullerian’, the latter as ‘ Bate- 
sian’ Mimicry, It must be borne in mind, however, that 
in Synaposematic colouring the warning is genuine, while 
in Pseudaposematic it is a sham. These Greek terms, or 
their respective English equivalents, ‘ Common Warning 
Colours’ and ‘ Protective Mimicry’, make the essential 
distinction sufficiently clear. N evertheless, 1 1 is impossible 
to avoid using the term ‘ Mimicry ’ in connexion with a 
Mullerian association, because the relationship between 
Model and Mimic requires even more consideration in 
Synaposematic than in Pseudaposematic Resemblance. 
Furthermore, the ultimate position of vast numbers of 
examples is still under discussion. It is certain that they 
are mimics in the sense of resembling a model, but 
opinions differ upon the question whether they are Bate- 
sian or Mullerian. In speaking of the origin and growth 
of these resemblances the unqualified term ‘ Mimicry ’ may 
be conveniently employed, whether the likeness be Pseud- 
aposematic or Synaposematic. In speaking of their 
bionomic value the unqualified term should never be used. 

^ For a further account of each of the heads <7 , and more numerous 
illustrations, consult the writer's article, Mimicry, in Diet Philos and 
Psychol , }. M. Baldwin, New York and London, 1902, vol. li, pp. 79, 80 
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The term ‘ Mimicry ' has led to much misunderstanding 
from the fact that in ordinary speech it implies deliberate 
imitation. The production of Mimicry in an individual 
animal has no more to do with consciousness, or taking 
thought, than any of the other processes of growth in the 
individual or evolution in the species. 

The example described on pp 217-18, should it be 
hereafter confirmed, would provide a striking demonstra- 
tion of the production of Mimicry by the selective action 
of enemies alone : model and mimic being, as it is 
believed, permanently and widely separated by areas and 
barriers over which the enemies are supposed to pass. 

Protective Mimicry is here defined as an advanta- 
geous superficial resemblance of a palatable defenceless 
form to another that is specially defended so as to be 
disliked or feared by the majority of enemies of the 
groups to which both mimic and model belong— a resem- 
blance which appeals to the senses of enemies in the 
manner described on p 359, but does not extend to deep- 
seated characters, except when the superficial likeness is 
affected thereby. Mutahs mutandis, this definition 
applies to Aggressive (Pseudepisematic) Mimicry. 

A. PsLL'DArOSEMATIC RESEMBLANCE, OR PROTECTIVE 
(Batfsian) Mimicry. 

A brief historical account of Protective Mimicry has 
been given on pp. 220-3. 

H. W. Bates's historic theory is of especial interest 
because it was one of the first attempts made by 
naturalists to employ the great weapon put into their 
hands by the Origin of Species. Natural Selection was 
here invoked to offer an intelligible explanation of a 
large class of phenomena, up to that time well known 
but unexplained. 

I. Wallaces Statement of the Conditions under which 
Protective Mimicry Occurs . — The five conditions are as 
follows : — ‘ I. That the imitative species occur in the 
same area and occupy the same station as the imitated. 

2. That the imitators are always the more defenceless. 

3. That the imitators are always less numerous in indi- 
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viduals. 4. That the imitators differ from the bulk of 
their allies. 5, That the imitation, however minute, is 
external and visible only, never extending to internal 
characters or to such as do not affect the external 
appearance/ ^ 

The wide difference between the Mimicry of Bates and 
• the resemblances explained by Fritz Muller is well seen 
when we attempt to apply these conditions to the latter, 
A striking exception to the first condition is given on 
pp. 217-18, and many instances of divergence in station 
could be quoted (see p. 349). It is still more obvious that 
the second condition does not apply to such examples. 
There is no reason for supposing that a Chalcosid moth 
is any more palatable to an insectivorous bird than the 
Danaine it mimics (see p. 275). But the Danaine is far 
commoner, and its pattern is consequently a far more 
effective advertisement of unpalatability than that of the 
moth. The third condition also does not appear to be 
an invariable rule in cases of Mullerian Resemblance (see 
pp. 216 and 334, n.). A good example to the contrary is 
brought forward by Dr. V A, Dixey in Trans, Ent Soc.^ 
Lond„ 1894, P- 298, n. 

2, The Chief Characteristics of Mimetic Resimblance 
and the Attempt to Explain their Evolution . — In the 
two preceding Essays the principal general statements 
that can be made about Mimetic Resemblance, both 
Batesian and Mullerian,- have been brought together 
and discussed in relation to the various hypotheses which 
have been proposed as to their evolutionary origin. It 
was argued that statements based on a very broad 
foundation of fact receive an adequate explanation on 

’ Darwinism^ London, 1889, pp. 264-5. 

® The rival interpretations ate rarely discriminated, as the discussion of 
Bates V Mtiller was not the object of Essays VIII and IX. It may be 
safely affirmed that not one of the general statements necessarily supports 
the hypothesis of Bates. Dr. F A. Dixey showed in 1894 that the special 
tendency towards mimicry exhibited by the female sex (see pp. 244-7) 
is witnessed in MUllenan Resemblance, and is in no w'ay to be accepted as 
evidence supporting the alternative hypothesis. The Papilt<rEuferpe 
association defies interpretation on Batesian lines {Trans. Ent, Soc.y 
Lond., 1902, p. 467, and the references there given). 
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the hypothesis of Natural Selection, but on no alternative 
hypothesis that has been proposed. It is not necessary 
to refer further to the origin of Mimicry by means of 
Natural Selection, but before proceeding to the discussion 
of examples certain additional aspects of the subject may 
be considered. 

It is of the utmost importance to realize that in the 
aspects of the subject discussed in the following five 
Sections, and probably even in the sixth, there is nothing 
necessarily characteristic of Batesian as opposed to 
Mullerian Mimicry. Tlie dominant importance of 
instinct — inferences as to past history and migration — the 
confirmation of a history inferred from Mimicry by the 
study of structure — Mimetic Resemblance independent 
of size , all these are just as applicable to examples 
of one kind of Mimicry as of the other. The remark- 
able examples mentioned m Sections 7 and 8 require 
consideration on their own merits, and oftentimes the 
accumulation of further evidence, before they can be 
allotted their final place in either category. 

3, The All-ImportauLe of Instinctive Attitudes and 
Molenio^s in the Attainment of Mimetic Resemblance , — 
The necessity of studying Mimetic Resemblance during 
life and under entirely natural conditions, is convincingly 
shown by the well-known Indian Longicorn beetle Glenea 
pulchella. In the cabinet this insect appears as an obvious 
Longicorn, but Mr. Leslie Andrewes found that in the 
field it bears a striking resemblance to an Ichneumonid.^ 

A similar observation was made upon the South African 
Longicorn Nitocris ni^ricorms by Mr. C N. Barker.^ 

It IS also true of our British Wasp-beetle, Clytus arietis, 
and of a very large proportion of the examples of 
Mimicry generally ^ It is as true of Mullerian Resem- 
blance as it is of Batesian Mimicry. 

4. History and Migration may be Inferred from 
Mimicry . — Batesian Mimicry and Mullerian Resemblance 
may supply evidence of the former migrations and history 

* Proc Ent Soc.^ Lond ^ 1904, p. vi. “ Ibid., p. xxxiv. 

^ See also pp. 238, 239, 252, 253, 256 of the present volume. 
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of species. The large Danaine butterfly, Anosiaplexippus 
( archippus) alluded to on p. 274, has now travelled from its 
nome in the New World to many parts of the Old, but the 
effect it has produced upon the butterfly fauna of North 
America would always show, even if we had no further 
evidence, the position of its ancestral home.^ So, too, 
the commonest Danaine in the Old World, Limnas 
chrysippus, although ranging through and beyond the 
Oriental Region, is clearly shown by the same kind of 
evidence to have been an inhabitant of Africa for a far 


longer period. Not only is this inference justified, but 
it can also be stated that the exclusive predominance of 
the white-hind-winged alcippus form of ckrysippus on the 
west coast of Africa, from the Niger Mouths to the 
Sahara (see p. 321), is a result of modern changes in 
distribution. It has not affected any of the West Coast 
mimics, except perhaps Acraea encedon, in which case 
there is some evidence, from one locality in Sierra Leone, 
to show that the presence of alcippus has encouraged the 
white-hind-winged alcippina form.^ F urthermore, a study 
of mimetic forms may enable us to reconstruct the past 
stages through which the older model has passed. 
When a geologist finds a recognizable fragment of 
one rock included in a stratum of another, he infers 


with confidence that the latter is the younger. With 
equal certainty the zoologist may conclude that the 
mimicking species is younger than the model it has come 
to resemble. In certain cases the species acting as a 
model is di- or trimorphic Thus the individuals of 
Limnas chrysippiis fall into three groups, of which two, 
as described on pp. 70, 71, are sharply marked off and 
unconnected by gradual transition The individuals of 
the two commonest mimics of chrystppus also fall into 
three corresponding groups. In both species of mimic, 
however, all the groups are connected by abundant 
transitional forms. We are led to believe that the 


mimics, being younger, present us with a picture of the 
former condition of the older model, when transitional 


* Proc, Amer, Ass Adv. Set., vol. xlvi, 1897, p 244. 
^ Trans, Ent, Soc., Land., 1902, p. 480, 
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forms between the groups now sharply separated had 
not been obliterated.^ 

5. A History Inferred from Mimicry may be Confirmed 
by other Evidence. 

[The following facts and arguments were first brought 
forward in the Leeds lecture, and published in Nature 
for October 2, 1890. They have been revised for the 
present work.] 

Evidence for the evolution of Mimetic Resemblance has 
been forthcoming as the result of recent [in 1890] work, 
of which the general results are set forth below, but the 
details still remain unpublished. 

Many moths have lost the scales which are charac- 
teristic of the Order of insects to which they belong, so that 
their wings become transparent, and they mimic stinging 
insects such as humble-bees, wasps, and hornets. This is 
the case with two British Hawk Moths [I/aemorrhagia 
fuciformis'^ and H. iityus* = bombyhformis). 1 1 is known 
that when these moths emerge from the chrysalis, the 
transparent parts of their wings are thinly covered with 
scales which are shaken off during their first flight. The 
loss of tli^ scales is due to the rudimentary nature of the 
stalls at the base of the scale and of the socket in which 
the stalk is inserted A closely allied Eastern and Ethiopian 
moth (Cephonodes hylas *) is still more completely denuded 
of scales, but in it also the rudimentary sockets are found 
to be thinly scattered over the transparent wings. These 
facts suggested that other moths with transparent wings 
would be found to repeat, in the course of their own 
individual lives, the history of the change by which 
transparency has been attained by the species. Investi- 
gation has supported this suggestion. The examination 
of two British Sesiid moths which resemble hornets 
or wasps was especially instructive. In one of these, 
Trochiliurn (Sesia) apiforme^^ the mimicry is not so 
perfect as in the other, and is therefore presumably of 
more recent date ; in this moth the rudimentary scales 
which fall off are comparatively perfect, while in the 

’ Tram. Eni, Soc,^ Lond,, 1902, pp 482-4. The mimics alluded to 
are Hypoltmnas mistppus, female, and Acraea encedon. 
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better mimic, TrocMHum (Sesia) crabroniforfHe^ (bembeci* 
forme), they are far more degenerate, in accordance with 
the presumption that they have been useless to the species 
for a longer period of time. It is interesting to note that 
these degenerate scales have not been reduced in size in 
either species, but are, on the contrary, much larger than 
the scales which are retained for the whole life of the 
moth. It is probable that the increase of size renders it 
even more difficult for the degenerate stalks to retain the 
scales during flight. In certain allied ‘ Clearwings ' of the 
genus Sesia (Trochilium) the transparency of the fore 
wing has been attained by the transparency of scales 
which are retained, as well as by the loss of scales.^ 

6. Mimetic Resemblance between Species of very 
Different Size . — It has been observed for many years 
that close mimetic likeness maybe found between species 
of very different size. One of the most striking examples 
is to be seen in Papilio (Drnrya) antimachus, an immense 
West African swallow-tail butterfly with an obvious 
Acraeoid appearance. The Papilio appears to form one 
of a complex mimetic group of which the centre is 
composed of many comparatively small but -dominant 
species of Acraea.'^ When the members of this mimetic 
combination were exhibited, Mr. F. A. Heron suggested^ 
an interpretation of such remarkable cases of the want of 
accord between size and the other elements which go to 
make up a likeness. Size, as correlated with the idea of 
distance, was, he pointed out, extremely difficult of 
estimation. In fact the huge antimackus, seen far off, 
may well appear to be smaller than the comparatively 
insignificant Acraeas at a much less distance. Especially 
is this likely to be true of young and inexperienced 
enemies, and it is precisely these which Mullerian Resem- 
blances are in large part adapted to meet. This interest- 


^ See also pp. 264-6 for othei examples of transparency attained in 
a variety of ways. Consult also W. J Kaye in Eni. Record, vol xvii, 
nos 4 & 5, and Mark L. Sykes in Trans. Manch. Microsc. Soc. 1901, 
p 82. 

= Proc. Eni Soc., Lond , 1903, Nov. 18, pp Ixiii-lxv. 

® Ibid , p. Ixv. 



IN DEFENSIVE COLORATION 367 

ing and convincing suggestion would, however, apply 
to Batesian Mimicry as well as to Synaposematic 
Resemblance. 

7. Remarkable Examples of Mimicry , — Many instances 
of Mimetic Resemblance between forms of all degrees of 
affinity have been given in Essays VIII and IX. They 
have been drawn from the Arthropoda and almost 
exclusively from the Insecta, the group in which these 
superficial likenesses are developed far more extensively 
than in all the others put together. 

Mimicry is known, although instances are relatively 
rare, among the Vertebrata. Thus the venomous South 
American snakes of the genus Elaps are mimicked by 
harmless species inhabiting the same areas ; defenceless 
birds such as the cuckoos and orioles mimic powerful 
aggressive species living in the same countries, and, in 
Malaya, tree-shrews mimic the more powerful squirrels ^ 

The terrifying appearance assumed by certain large 
caterpillars, e. g. the British Choerocampa clpenor (the 
Elephant Hawk Moth), is founded upon the mimicry, or 
rather the caricature of a cobra-Iike serpent Many 
observatigns prove that terror is undoubtedly inspired 
by the appearance, in man no less than in insect-eating 
animals. It is probable that these are examples of true 
Batesian Mimicry — Pseudaposematic Resemblance. In 
an experiment made by the present writer in 1887, a large 
lizard, Lacerta virtdis^ was for some time immensely 
terrified by the larva of clpenor When, however, the 
lizard eventually succeeded in overcoming its fright, it 
devoured the caterpillar with apparent relish. ^ It is 

^ For details consult A. R Wallace, On Kaiural Selection, London, 
1 ^ 75 - PP IOI- 7 - Mr Shelford informs me that the tree-shrews certainly 
possess distasteful qualities and yet that they are undoubtedly the mimics 
It is not improbable that the resemblance is Mtillerian The interpreta- 
tion of the likeness as aggressive — the shrews being enabled under the 
disguise or squirrels to approach their insect prey — has broken down in 
somewhat analogous cases (see p 378), and would require a great deal 
of confirmatory evidence before it can be accepted as probable. 

* Colours of Animals, London, 1890, p 261 For other earlier 
observations on the same species consult the same work, pp 258-60, 
also Proc. Zool Soc , Lond., 1887, pp. 204, 206-7, together with the 
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interesting to note that this terrifying appearance has 
been shown in certain cases to be combined with a highly 
cryptic appearance. The larva of elpenor is well concealed 
until disturbed, when it instantly assumes an entirely 
different method of defence. The suddenness of the 
transformation undoubtedly adds to the effect 
' Another remarkable group of examples includes the 
cases in which the tail of the mimic is so modified and 
so held as to resemble the head of its model. An 
instance has already been described on p. 254, and 
Mr. R. Shelford has described two beautiful instances 
discovered at Singapore by Mr. H. N. Ridley, F.R.S. In 
one of these the effect is mainly produced by two black 
eye-like spots on the abdomen of an ant-hke spider.^ 
The form of the abdomen assists in the resemblance. 
In the second example, the appearance of an ant of the 
genus Oecophylla is strongly suggested by the form, 
markings, and movements of the posterior end of a 
caterpillar. Mr. Shelford speaks of ‘ the resemblance as 
positively startling’.- In the same manner, the posterior 
end of a large Oriental chafer (Lepidiota bimaculata) 
appears to resemble the head of a shrew-like ,;nammal.’^ 
Dr. Longstaff also describes and figures the third pair of 
legs of an African beetle {Heteroclului) projecting like 
formidable jaws from a flower, in which the beetle itself 
is buried head downwards.'* 

Even more remarkable are the cases in which the 
mimicry is of a composite kind, suggesting the appearance 
of two entirely different objects. A good example has 
been described and figured on pp. 259-60, and an even 

references there given For the snake-like appearance of a Bornean 
Choerocampa, seeR. Shelford in Proc. Zool Soc , Lond.^ 1902, vol 11, p. 253, 
of an African species of the same genus and the terrifying effect produced 
on monkeys, see Marshall, Trans. Ent. Soc., Lond , 1902, p 397. For 
the effect of an African Choerocampa larva on man, see S. A Neave, 
Proc, Ent, Soc., Lond., 1905, pp. xxii, xxiii; for the superstitious dread 
with which elpenor regarded m Ireland, see Trans. Ent Soc,, Lond., 1902, 
p 399, and the references there given. 

‘ Proc. Zool. Soc., Lond., 1902, vol 11, p. 266. ^ Ibid., pp. 254-5. 

® Proc Ent. Soc , Lond., 1906, p. xxi. 

^ Trans. Ent. Soc., Lond , 1906, p. 94. 
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more remarkable one has been provided by the acute 
observation of Portschinski.^ The great Russian natural- 
ist has suggested that the mature and semi-mature larva 
of Stauropus fagi (the Lobster Moth) resembles a cater- 
pillar attacked by a Pentatomid bug. The bug itself is 
represented by the flattened caudal shield, of which 
the terminal processes resemble antennae. In its usual 
position, this shield is bent forward over the back of the 
larva, so that the flattened ventral surface becomes dor- 
sal, the convex dorsal surface ventral, the antenna-like 
processes anterior. It thus resembles very closely the 
appearance of a bug seated on the back of the cater- 
pillar and engaged in sucking its juices. 

The extraordinary mimetic resemblance of the Mem- 
bracidae, in which the appearance is wrought in the 
visible shield, and not in the insect which it conceals, 
has been described and figured on pp. 258-9. Other 
remarkable instances to be found in the same Essay need 
not be further mentioned 

8 Mimetu Resemblance io Cryptic Models, — A set of 
examples, very rare in Mimicry, is to be found in the 
numerous, Longicorn beetles which resemble Rhyncho- 
phora. Mr Shelford - has shown that in Borneo all three 
groups of Rhynchophorous beetles, the Curculionidae 
(weevils), the Anthribidae and the Brenthidae are thus 
mimicked , in South Africa, Mr. Marshall ^ has shown 
that the first-named group provides models for Longi- 
corns. Wallace ^ suggested long ago that the weevils and 
Anthribidae are protected by their excessive hardness, 
and are on this account mimicked by less well-protected 
Longicorns. Although in some cases the Rhyncho- 
phorous models possess a conspicuous warning pattern, 
the great majority appear to bear a Procryptic colouring 
This appearance is, however, often deceptive, inasmuch 
as the habits of the insect may render it conspicuous. 

^ Coloration Marquanle ft Taches oceWes, V., St P^terbbourg, 1897, 
p. 51, fig. 25. 

^ Proc, Zool. Soc , Lo7id , 1902, vol ii, pp 245-7. 

^ Trans. Eni. Soc., Lond., 1902, p 523 Consult also the whole section 
on pp 522-5. 

* On Natural Selection, London, 1875, p. 94. 

B b 
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Thus the dark, stick-like Brenthidae seem to possess a 
marked Procryptic appearance when examined in the 
cabinet, but Mn Shelford tells me that they are very 
commonly folmd on flowers where they are most con- 
spicuous. Mr. Marshall also states that the large black 
African weevils move slowly, and are freely exposed, so 
that they, too, must be visible from a great distance. 
The examples in which the models appear to be un- 
doubtedly Procryptic are probably to be explained by the 
peculiar character of the defence. Hardness would not 
avail ‘ against an enemy large enough to swallow the 
beetle whole, so that it could be ground down in the 
gizzard, or the interior slowly extracted by digestive 
fluids gaining access by the joints and other apertures. 
Defence by a sting, a nauseous taste or smell, or 
unwholesome qualities, is effective against enemies of all 
sizes and all degrees of strength, although failing against 
occasional specially adapted foes. It is possible that 
these considerations may enable us to understand why 
it is that certain Rhynchophora are remarkable among 
Coleoptera for combining a cryptic colouring with sufficient 
immunity to render them feasible models for nvmicry 
9. Butterflies and Moths, chiefly Oriental, Selected in 
1890 to Ilhistrate Various Aspects of Mimicry, — Almost 
all of the following species, shown as examples of Mimicry 
at the Lecture to the British Association in 1890, would now 
be looked upon as instances of Mullerian (Synaposematic) 
Resemblance. The entire list is, however, reprinted in 
this place in order to direct attention to the recent change 
in interpretation. The examples were selected — except 
in one important series of related forms, viz. Papilio dar- 
danus {merope), its sub-species and allies — from Oriental 
Lepidoptera. The examples of Mimicry hitherto brought 
forward in this work are principally South American and 
Ethiopian, so that it may be useful to direct attention to 
a brief list of mimetic species from the East, especially 
when they have been chosen in order to illustrate the 
various degrees of complexity with which these superficial 
resemblances are attained. 

^ Trans, Ent. Soc., Lond, 1902, p. 523. 
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With the exception of some of the forms of PapUio 
dardanus, the whole of the species arranged under the 
following heads, a-g., were shown in 1890, and it has not 
been thought necessary to indicate these particular illus- 
trations by asterisks. The first paragraphs under each of 
the heads a-g. were published in 1890,^ but the synonyms, 
&c., have been as far as possible brought up to date. 
The paragraphs in square brackets give a brief account of 
the reasons why nearly all the examples employed in 1890 
to illustrate Bates’s Hypothesis, would at the present day 
be looked upon as illustrations of the Hypothesis of Fritz 
Muller. Repeated evidence will thus make it clear that 
fifteen years have brought a fundamental change in the 
point of view. 

a. Both Sexes Mimetic : Both Sexes of Model and 
Mimic Superficially Alike — Both sexes of the North 
Indian Papilio agestor closely resemble the Danaine 
butterfly Caduga tytia, 

[The large white spots on the body of the Papilio render 
it in this respect more conspicuous than the Danaine. 
Furthermore, it is an abundant species, and other members 
of tlje same group tend to approach it in certain points 
more closely than the primary Danaine model, so that 
there can be hardly any doubt that we are dealing with 
an example of Mullerian Resemblance.] 

b. Sexes readily Distinguishable . Male Mimics Male, 
Female Mimics Female . — An Indian moth {Epicopeia 
philenora) similarly mimics an unpalatable butterfly (Papi- 
lio protenor), but in this case the male moth mimics the 
appearance of the male butterfly, and the female moth 
that of the female. 

[The moths belong to the Family Uraniidae, and 
are probably specially protected. In another still more 
wonderful example of likeness between species from the 
same groups in New Guinea, although the resemblance is 
probably to a certain extent reciprocal (Diaposematic), 
the approach is chiefly from the side of the Papilio (P. 
laglaizei), rather than from that of the Uraniid moth 
(Alcidis aurora).'] 

^ Nature, 1890, October 2, p. 557. 

B b 2 
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c. Male and Female Mimicking Different Species , — 
If the mimicking species became common relatively to 
the mimicked, the deception would be liable to be detected. 
We therefore find that two or more models are often 
mimicked by the same species. Thus the male of the / 
Indian Melynias malelas [Elymnias leucocyma) mimics | 
Stictoploea harrisi, while the female mimics the female 
Trepsichrois mulctber. Both these Euploeas are also 
imperfectly mimicked by day-flying moths [Callamesia 
midamd). So also the male of the Indian Papilio castor 
mimics Papilio chaon, while the female mimics Crasiia 
core . in Southern India, Papilio chaon is absent, and both 
sexes of the species [Papilio dravidarmn) which repre- 
sents P, castor mimic C, tore. 

[There is more reason for believing that Elymniinae 
are Batesian mimics than almost any other butterflies.^ 
The case has been discussed on pp. 353-4, and the 
inferences to be drawn from a resemblance to two or more 
models on pp 354-6. The resemblance of Callamesia, 
belonging to the highly distasteful ¥zm\\y Zygaenidae^Suh- 
Family Chalcosnnae, is certainly Mullerian, and the same 
is doubtless true of the Papilios, which are themselves 
often mimicked by other species. P, aristolochiae has been 
shown (see p. 269) to be extremely distasteful to birds.] 
d. Female Mimetic : Male Non-Mimetic, — Female 
butterflies are exposed to more dangers than the swiftly- 
flying males, and we find many instances in which the 
former are mimetic, although the latter are not. Thus 
the female of the Indian Hypohninas bolina mimics 
Crastia core, while the male is non-mimetic. The same 
is true of Hypolimnas misippus, the female of which 
mimics Limnas chrysippus. The last-named Danaine 
model is trimorphic, and all three forms are mimicked 
by the female Hypolimnas. 

[Recent evidence renders it probable that the whole 
Nymphaline genus Hypolimnas is distasteful, and that 
the resemblance is Mullerian: see pp. 215-18.] 

^ As argued by Mr. R. Shelford, at the meeting of the Entomological 
Society of London, on June 5, 1907. The discussion is not reported in 
the Proceedings. 
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e. Female Mimicking two or more Different Species: 
Male perhaps Non-Mimetic, or Mimicking still another 
Species, — The mimetic females also often resemble two 
or more different species of nauseous butterflies. Thus the 
female of Papilio poly tes [pammon) appears in two forms, 
mimicking respectively Papilio hector and P. aristolochiae ; 
while the females of Euripus halitherses (the male of* 
which is probably also mimetic) mimic Danisepa diode-' 
tiamis (rhadamanthus) and Penoa deiofie. 

[The conspicuous under side of the non-mimetic male 
of Papilio polytes [pammon) suggests special protection, 
and renders it probable that the resemblance of the 
female is Mullerian The genus Euripus is also probably 
distasteful, like many other mimetic Nymphaline genera.* 
For dimorphism in mimicry, see pp. 354-6.] 
f. Non- Mimetic Ancestor preserved on Islands, &c : on 
Adjacent Continent Mimicry developed in one or both 
Sexe^ ' Remarkable case of Papilio dardanus (meropc ). — 
There are also striking examples in which the non- 
mimetic ancestor of a mimetic species has been preserved, 
e g. in an adjacent island. Thus the female of Elymnias 
undularii mimics Salatura plexippus {^enu(ta) in Sikkim 
and North-East India, in Burma there is a common 
form of the latter with white hind wings [S. hegesippus), 
and the Burmese female of E, undularis is apparently 
beginning to mimic this variety; in South India E. 
undularis is represented by E. caudata, in which the 
male is also beginning to mimic Salatura plexippus, and 
the female is a more perfect mimic than in the other 
localities, in the Andaman Islands Elymnias cottonis 
represents E, undularis, and both sexes appear to be 
non-mimetic.^ 

A still more wonderful example is found in Africa 
and adjacent islands. Papilio meriones of Madagascar 
is non-mimetic and the sexes are nearly alike ; the 
same is true of a closely-allied species, P. humbloti, 
in Grand Comoro, and of an Abyssinian sub-species 

^ Trans Ent, Soc , Lond , 1902, pp. 500-2 

’ It is not unlikely that E. cottonis bears a general resemblance to 
a Euploeine. 
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(antinorii of the African P, dUrdanus {merope). 

Wherever it occurs in other parts of the continent 
dardanus is represented by sub-species with mimetic 
females and non-mimetic males. The sub-species 
merope, from the West Coast to the Victoria Nyanza, 
possesses three forms of female, hippocoon and tropkonius 
resembling the Danaines — Amauris niavius and Limnas 
chrystppus , planemoides^ resembling the Acraeine 
Planema poggei. The sub-species polytrophus from the 
Kikuyu Escarpment, ttbullus from the East Coast, and 
cenea from the south and south-east have the additional 
female form cenea, mimicking Amanris echeria and 
albimcutdata. The planemoides form is wanting from 
the sub-species cenea, but exists in polytrophus and may 
probably be found in iibullus The hippocoon form of the 
eastern and south-eastern sub-species resembles the form 
of Amauris niavius, viz. dominicanus, which is found in 
the same district. Ancestral females, the irimeni form, 
intermediate between the non-mimetic Abyssinian females 
and hippocoon, the most primitive of the mimetic forms, 
have been found in polytrophus and tibullus. All the 

^ A single mimetic female corresponding to the hippomn forpi of 
merope, &c , and a single mimetic female corresponding to trophomus, but 
both tailed, have now been found 

^ Even the primitive trtmeni form is a rough mimic of Amauris niavius, 
sub-species dominicanus 

* The planemoides form is a recent addition of the highest interest to 
our knowledge of this classical example of Mimicry. While the other 
mimetic female forms all resemble Daname butterflies, this newly 
discovered female bears a beautiful likeness to Planema poggei, one of 
the Acraemae (see also pp 337-8) The Mimetic Resemblance was first 
recognized by Mr. S, A. Neave, MA, B.Sc., of Magdalen College, 
Oxford {Proc. Ent Soc., Lond , 1903, p xli), while Mr. Roland Trimen, 

F R.S., has described the female form, conferring upon it the appropriate 
name planemoides [Proc. Ent. Soc., Lond., 1903, pp. xxxix, xl;. This new 
form has not yet been proved by breeding to be one of the females of the 
merope-gxQM^ ; but a curious accident has supplied the missing evidence. 
Among some examples captured in 1902-3 by Captain T. T. Behrens, 
R.E , on the west shore of the Victoria Nyanza, near Entebbe, is a 
partial hermaphrodite, in which, upon the left wings, traces of the non- 
mimetic male colours and markings are intermingled with the utterly 
diflFerent mimetic pattern of the female. This interesting individual may 
be studied in the Hope Department. (See also Tram. Ent. Soc., Lond., 
1906, p, 281, plate xviii, fig. 4 ) 
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above were shown as illustrations in 1890, except the 
sub-species aniinorii, polytrophus, and tibullus, and the 
female forms plammoides and trimeni} 

[The grey, black-spotted body of these Papilios 
renders it probable, as in Papiho a^estor, that the 
resemblance is Mullerian. The examples in which 
Papilios are models for mimicry, and the proved un- . 
palatability of P. aristolochiae should also be taken into 
account (see b and e. on pp. 371, 373 ; also p. 269). Con- 
cerning the remarkable division of females into forms 
mimicking different models see pp. 354-6 ] 

[In Professor Weismanns recent important work ^ the 
forms of Paptlio dardanus {nterope) and their models are 
for the most part unfortunately represented incorrectly. 
Plate I, Fig. i, described as ^ Papilio merope, male, 
Africa’, is an Abyssinian female Fig. 5, ' A manr is 
7iiavuis, South Africa, immune model of Fig. 4,’ is the 
western sub-species , the eastern and southern sub-species, 
dommtcayius, has a much larger white patch like its 
mimic from the same area, correctly shown in Fig. 4 : 
Fig. 6, 'Papiho merope, third form of mimetic female. 
South Africa,’ is the female of Papiho eckerioides, a co- 
miifiic with this third form of the same models, Ar^iauris 
echeria and A albiinaculata Fio,j /Amaiirts ec hen a, South 
Africa, immune model of Fig. 6,’ is not the model but the 
mimic named in the description of Fig. 6, viz. the third 
or cenea form of mimetic female of P. dardanus (merope), 
from the east and south of Africa. The figures are 
copied, unfortunately incorrectly, from Haase, ^ the 
unqualified term ‘immune’, to which exception has been 
taken on p. 318, being also quoted from the same author. 
Professor Weismanns prolific labours and great dis- 
coveries give an authority and influence to these unlucky 
copyist’s errors, and therefore it is of the utmost import- 
ance to set them right in detail. Already, indeed, they 

^ The above account of dardanus has been re-wntten and much 
amplified in accordance with existing knowledge. 

* The Evolution Theory, English transl , London, 1904, vol. i, pi. i. 

’ Uniersuchungen tlber die Mimicry, plates 1 and ii, in Bibliotheca Zoo^ 
logtca, Stuttgart, Bd 111, Heft 8, 1891-3. 
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have been copied in two books published in the United 
States, and one in Germany. On the second plate, exhibit* 
ing in Figs. 12-15 a Synaposematic combination from 
Eastern Brazil (called a ‘ Mimicry-Ring’ by Professor 
Weismann), the descriptions of Figs. 12 and 13 as well 
as of 14 and 15 have been transposed.] 
g. Imperfect Resemblance, not to any Particular Species, 
but to the General Appearance of an Unpalatable Group , — 
There are also examples which show us the origin of 
mimicry — examples in which the resemblance is very im- 
perfect, but, nevertheless, sufficient to afford some protec- 
tion. The blue Euploeas of India, &c. (such as Stictoploea 
karrisi, Trepsichrois mulcibcr, and Isamia splendens, in- 
cluding irawada) form a very characteristic group, while 
their general type of appearance is imperfectly mimicked 
by several day-flying moths belonging to the Chalcosiinae 
{Callamesia niidama, Amesia aliris, A, sanguiflud). It is 
extremely probable that the wonderfully close likeness 
of many mimetic species arose by gradual stages from 
a general resemblance to a type of colour or pattern 
possessed by a large group of unpalatable insects. 

[In this case the moths belong to a group admitted to 
be distasteful, and the resemblance is clearly Mullerian . 
see also c, on p. 372.] 

[Considering the great change in the point of view that 
has occurred since 1890, when the above-mentioned 
examples were shown at Leeds, the question naturally 
arises as to whether anything will remain of the hypo- 
thesis originated by Bates. The clearest examples 
known to me are the cases of close likeness to a poisonous 
serpent borne by harmless species, and also by large 
caterpillars (see pp. 367-8). It is also likely that many of 
the resemblances to stinging insects and ants are Batesian. 
Examples to the contrary are mentioned on pp. 230-1. 

It must also be mentioned that Mullerian Resemblance 
is very extensively developed among the stinging Hyme- 
noptera themselves, see p. 278. Numbers of other cases 
might be quoted.] 
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[From this point onwards, asterisks are again employed 
to indicate the lecture illustrations.^] 

B. PSEUDALLAPOSEMATIC RESEMBLANCE .* MiMETIC REPRE- 
SENTATION OF SOME Adventitious Object Associated 
WITH THE Model. 

4 

[The examples hitherto observed fall under the head of 
Protective Mimicry (Pseudaposematic Resemblance) and 
are therefore given this position. It is not unlikely that 
hereafter Pseudallepisematic likeness may be found in 
certain cases of Aggressive Mimicry ] 

^ A very striking instance was discovered by Mr. W. L. 
Sclater in tropical South America. The well-defended 
and abundant leaf-carrying ants of the genus Atta'^ 
{Oecodoma) are mimicked by an immature Homopterous 
insect * (a Membracid) possessing a shape and colour 
which closely resemble the ant together with the piece 
of leaf it is carrying. [For other probable instances and 
figure see pp. 259-60.] 

C. Pseudepisematic Resembl\nce or Aggressive 

• Mimicry, including Alluring Colours. 

This division not only includes the examples of Aggres- 
sive Mimicry, in which an animal resembles another, and 
so is enabled to approach and injure it m some way, but 
also the cases of Alluring Colouring, in which an animal 
possesses a lure which is attractive to its prey. These 
latter are often regarded as examples of Aggressive 
(Anticryptic) Resemblance, but their logical position is 
here. 

It has been believed that examples of Aggressive 

* The paragraph on the attainment of transparency by certain 
Sphingid and Sesnd moths which appeared in this place has now been 
transferred to pp. 365-6. 

’ With the exception of the paragraphs in square brackets, the 
following statements, as far as the end of the fourth sentence under 
‘ IV. Epigamic Colours are reproduced from the lecture-notes published 
in Nature^ 1890, p 557. They have been revised for the present work 
The Section on Pseudallaposematic Resemblance was originally placed 
after that upon Pseudepisematic Resemblance. 
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Mimicry are seen in the flies of the genus Volucella^, 
which are enabled to lay their eggs in the nests of 
Humble-bees, &c., because of their close resemblance 
to the latter. The larvae of the fly have been supposed 
to feed upon those of the bee. 

[The larvae of Volucella are probably scavengers, and 
it is now known that the presence of the flies is not 
resented. The resemblance is an example of ordinary 
mimetic likeness to a formidable model, and is rendered 
all the more effective from the fact that fly and bee are 
specially associated.^ Even in cases where Asilid flies 
are beautiful mimics of their Hymenopterous victims^ it 
is improbable that the resemblance is aggressive. The 
explanation is probably similar to that offered in the case 
of VohiCtlla. There is little doubt, however, that the 
following examples are truly Pseudepisematic.] 

Examples of Alluring Colouring. An Asiatic lizard 
{Phrynocepkalus mys/aceus*) possesses pink flower-like 
structures at the corners of its mouth, and it is probable 
that flies, &c. are thus allured. A Terrapin [Macro- 
clemmys temyninckii'^) from the Southern States of 
America, when hungry, opens its mouth and actively 
moves the filaments below the anterior end of its tongue. 
These look like worms moving in a crevice in the rocks, 
and attract prey. The animal is otherwise perfectly 
motionless, and resembles a con/e rm-covtrtd rock. The 
fish Lophius piscatorius'^ (the Angler or Fishing-Frog) 
attracts its prey by a brightly coloured lure placed 
over its large mouth, the rest of the body being 
concealed. Certain deep-sea fishes allied to Lophius, 
[Ceratias bispinosus^, C. uranoscopus^ , &c.) have a 
phosphorescent lure attractive to the other fish on 
which they feed. 

[Examples are found among insects, in the flower-like 
species of Manhdae which attract the other insects forming 
their prey. The flower-hkc appearance is undoubtedly 
Procryptic as well as Pseudepisematic.^] 

’ Sec Trans, Ent. Soc.^ Lond., 1904, pp. 663-5. 

’ See ibid., pp. 661-5; 1906, p. 378 

’ See N. Annandale, in Proc, Zool Soc,^ Lond.y 1900, p. 837, for an 
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IV. EPIGAMIC COLOURS. 

Epigamic Colours are the bright tints and patterns dis- 
played during courtship. As in other classes of colours 
the same effects may be produced by the use of foreign 
objects [A lUpigamic). Examples of this latter are found , 
in the various beautiful or curious objects collected by 
bower-birds for the decoration of their bowers. Especially 
interesting in this respect is the A mi/yornis inornata'^ 
New Guinea. Although, strictly speaking, the subject 
does not fall into the sphere defined by the title of this 
Essay, the Epigamic is so closely related to the other 
bionomic uses of animal colours that some brief account 
appears to be necessary. 

The interpretation of these Secondary Sexual Characters 
was first suggested by Darwin in the joint memoir con- 
tributed by him and Wallace to the Linnean Society of 
London, July 1, 1858. It was further expounded in the 
Origin of Species} and published in a complete form in 
1871 ^ The rivalry between males for the possession of 
the female was, Darwin believed, decided by the prefer- 
ence of tJie latter for those individuals with especially 
bright colours, highly developed plumes, beautiful 
song, &c Wallace does not accept this theory, but 
believes that the direct or indirect action of Natural 
Selection accounts for all the facts. Probably the 
majority of naturalists follow Darwin in this respect. 

The subject is most dilificult, and the interpretation of 
a great proportion of the examples in a high degree 
uncertain, so that a very brief account is here expedient. 
That selection of some kind has been operative is indi- 
cated by the diversity of the elements into which the 
effects can be analysed 

The most complete set of observations on Epigamic 

excellent account of the flower-Iike Mantis, Hyrmnopus, and an allied 
species, in the living state. R Shelford has shown that the newly- 
hatched larvae of Hymenopus buornis mimic a Reduviid bug; see Proc, 
Zool Soc., Lond., 1902, vol 11, pp 231-2, pi xix, figs. 16-19. 

^ London, 1859, pp 87-90. 

^ Part 11 of The Descent of Man, and Selection in Relation to Sex. 
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display was made by George W. and Elizabeth G. Peck- 
ham upon spiders of the family Attidae} These obser- 
vations afforded the authors ‘ conclusive evidence that the 
females pay close attention to the love dances of the 
males, and also that they have not only the power, but 
the will, to exercise a choice among the suitors for their 
favor Observations on the courtship of grasshoppers 
have also yielded some support to the Darwinian hypo- 
thesis of Sexual Selection.^ 

Epigamic characters are often concealed except during 
courtship : they are found almost exclusively in species 
which are diurnal or semi-diurnal in their habits, and are 
excluded from those parts of the body which move too 
rapidly to be seen. They are very commonly closely 
associated with the nervous system ; and in certain 
fish, and probably in other animals, an analogous 
heightening of effect accompanies nervous excitement 
other than sexual, such as that due to fighting or 
feeding. 

Although there is Epigamic display in species with 
sexes alike, it is usually most marked in those with 
Secondary Sexual Characters specially develop/^d in ^ the 
male. These characters are an exception to the rule in 
heredity, in that their appearance is normally restricted 
to a single sex, although in many of the higher animals 
they have been proved to be latent in the other sex, and 
may appear after the essential organs of sex have been 
removed or rendered functionless. The ‘ higher animals ' 
must in this respect be held to include the insects, inas- 
much as a development of these latent characters occurs 
in bees when the essential reproductive glands have been 
destroyed by the parasitic Sty/ops. Wallace suggests that 
Epigamic Characters are in part to be explained as 
Recognition Marks, in part as an indication of surplus 
vital activity in the male.^ 

* Occasional Papers 0/ the Natural History Society of Wisconsin, vol. i, 
1889, Milwaukee; Observations on Sexual Selection in Spiders of the 
Family Attidae. 

’ Trans. Ent. Soc., Lond., 1896, p 233. 

See esp)ecially Darwinism, London, 1889, pp. 268-300. 
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The mutual relationship of the above-mentioned classes 
of colours is shown in tabular form on p. 226. 

My kind friend, Mr. Arthur Sidgwick, suggested the 
whole of the convenient Greek terminology which has 
been employed in this brief statement of the bionomic 
value of colour and marking in animals, especially 
insects. • 

Note on the Rescmblafice of a Western Chinese species 
of Aihytna and of Linwiitis to the inale of Hypolimnas 
7 nisippus. — This remarkable resemblance has been 
described on pp. 217-18. A thy via punctata is the better 
and probably the older mimic, and it is likely that 
Linienitis alboviaculata has been brought into the com- 
bination by a secondary mimetic approach. This conclu- 
sion, however, requires a careful study of the related 
species for its establishment. 

Not until comparatively recently has it been known 
that the interesting and puzzling relationship of Athytna 
and Linienitis to Hypolivinas viisippus only holds in the 
male sex of all three species. The Leech Collection 
contains no female of either Linienitis or A thy via, and 
McTnsieur C Oberthur, of Rennes, only obtained the 
latter in 1 902, the former about ten years earlier.^ Among 
hundreds of the male Liinemtis he received only eight 
females; of the At/iyvia no more than two In pattern 
the females are quite unlike their males, but resemble 
each other as closely as do these latter. We have there- 
fore an undoubted association between the Linienitis and 
the A thy via extending to both sexes, while the two males 
also possess the pattern of the male of H, nnsippus. 

Although it seems certain that the primary model has 
never been an inhabitant of the localities from which the 
mimics have been received, it is possible, as Mr. R. Shel- 
ford has pointed out to me, that these latter may extend, 
or may formerly have extended, southward, so as to 
overlap the northern boundary of the range of H. misippus. 
Although more investigations into the distribution of the 

^ BulL Soc. Ent. Fr. 1902, pp. i6i-i. See also Etudes dt Ent , xviii®. 
livraison, p. 15, pi. 6, fig. 82, Nov. 1893, Rennes. 
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species concerned would be very welcome for the solution 
of this difficult problem, it must be remembered that two 
great collections have come from this very district. The 
Leech Collection of Palaearctic Butterflies in the British 
Museum of Natural History gives the following localities : 
— H. misippus : Syria, Sultanpore, Kulu, Kashmir, Loo- 
choo ; Athyma punctata \ Chang-yang, Central China; 
Limenitis albomaculata . Moupin, Western China. ^ Mon- 
sieur Charles Oberthiir, with a much longer and larger 
experience than any other naturalist, adds Western China 
to the range of the A t/iyfna, summing up the distribution 
of both it and the Lhncnihs in the statement that they 
inhabit the frontiers of Western China and ' Eastern 
Thibet, especially Moupin, Siao-Lou, Tien-Tsuen, and 
Tse-Kow.^ Monsieur Oberthur also kindly informs me 
that he has never received H misippus from the district 
in which the two mimetic males occur. 

It is to be hoped that specially directed observations 
on the migratory birds of Western China may yield 
further evidence bearing upon the provisional hypothesis 
proposed on pp. 217-18 It has also been suggested on 
p. 218 that the mimicry was favoured by an cinitiaf re- 
semblance, This probably holds good for the iridescent 
blue margins of the principal white markings as well as for 
the other elements of the pattern. Thus it is not difficult 
to understand how the Athyrna may have arisen from 
a species like Athyma {Pantoporici) cama from the Hima- 
layas, Assam, and Upper Burma. The white markings 
of this species are surrounded by a bluish margin, while 
the pattern is not very widely different. 

The interest and peculiar difficulty of this example of 
mimicry have led me to add the above note. The fact 
that the females of the Athyfna and Limenitis differ from 
the males had escaped me, and I owe the opportunity of 
now rectifying the omission to my friend Mr. G. A. K. 
Marshall. 

* Catabgue of the Leech Collection^ by R South, London, 1902, 
pp. 56, 63. 

* Bull. Soc. Eni. Fr. 1902, pp. 161-2. 



APPENDIX 


A Classification and Index of the Examples of 
Mimicry quoted in the Text 

The various sub-families/ &c , of Butterflies are, allowing for omissions, 
arranged in the order followed in most museums and private collections. 
In other cases no attempt has been made to adopt sub-groups of equiva- 
lent systematic value, and the succession is alphabetical 
Groups from which very few' examples were selected (e. g Hemiptera) 
are not classified separately, but appear as models or mimics in the 
classification of those which have been more freely quoted in the text 
The mimetic species alone, without models, are given under the mimetic 
sections of the classification. Under the sections which are made up of 
models the mimetic species are given ivt/h their models, except in the few 
cases (e g ants) where the species oi genera of these latter have not been 
quoted. Models (w'lth their mimics) are placed before mimics in groups 
which primarily act as models, mimics before models in those which are 
primarily mimetic 


I LEPIDOPTERA 


A. RHOPALOCERA (BUTTERFLIES) 


For Danainae 
Models 


I Ithomiinae as models 
Mimic 


Mdhona con/usa ) 
Thyndia psiJii / 

For Nymphalinae, 272, 273 

Model 


J/una, 264-6 

Mimic 


Mdinaea, &c . . Protogomus, 338, 350-2 


For Hkliconinak, 232, 235, 322, 327, 331, 331 n. i, 343, 350 


Models 

Mdinaea 

Melinaea mnme 

Ttthorea . . , 

For Erycinidae, 272, 273 


Mimics 

Hdicomus, 235 
iEuetdes mgro/ulva, 332 
.Heliconius numaia, 331-3 
^Hehcontus veludus, 332 
Heltconius, 235 


^ Three sub-sections of the Danaine sub-family are numbered a, 3, and 4 in the 
senei of butterflies All other numbers m this senes imply sub-family rank. 
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For PlERINAE, 272, 273 


Models 

Mimics 

Melhona psamathe . . 

Dtsmorphia onse (Ecuador f.), 265, 


266 

Meihona con/usa ) 

Thyndia psidti / 

Dtsmorphia onse, 240, 265, 266 

For Moths 


Models 

Mimios 

Meihona confusa\ 

Thyudia psidii j 

iCastntidae, 243, 264, 266 
] Hypsidae [Anthomyza, Plyelosta),26^, 
( 266 

2 Lycoraeini as mimics 

Of Ithomiinae 


I tuna, 264-6 


3 Danaini 

as models 

For other Danaini 


Models 

Mimics 

Amauris, Western sp of 

Amauris albimaculata and echeria, 


3 ? 5 , 337 

)? tf }■) 

Ttrurnala morgeni, 337 

For Euploeini 


Models 

Mimics 

Danaini 

Trepsuhrois muhiber (female), 


334 . 135 

For Elymniinae, 333 


Models 

Mimics 

C a dug a | 

Par antic a j 

Elyvinias lais (male), 353 

Salatura hegesippus 

Elymmas undularis (female), 37 ] 

Salat lira pUxippus [genutia) 

') 'J • 

Elymnias undularis (female), 373 
Elymmas caudata, 373 

For Nymphalinae, 349 


Models 

Mimics 

Amautis niavius 

Hypolimnas anthedon, 338 

Amauris niavius f dovnm- 

Hypolimnas wahlbergi, 338 

canus 


Afwsia plexippus (archippin) 

Limemtis, 274, 364 

Limnas chrysippus . 

Euphaedra, 347 n. 3 

Lnnnas chrysippus 

Hypolimnas mtsippus (female), 2 15^ 


216, 247. 347. 355, 361, 365 
n- I, 372 

For Acraelnae, 349 


Models 

Mimics 

A mauns 

Acraea esebria (female f. A), 354^ 


355 
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Ltmnas chrysippus . . . . 

„ „ f. alcippus 

For Lycaenidae, 349 
For Papilioninae 

Models 

Amatms albimaculata and 
echena 

Amauris 7 ttavius 

Amauris mavius, sub-sp 
dommicanus 

Caduga tytia 
Dana nil 

j5 

Limnas chrysippus 

For Moths 

Models 

Danaim 

Limnas chrysippus 

) ) >j 

» • Dan\lvi as 

Of Eiploeini, 334 

4 Euploeini 

For Danaim, 334 
For Elymminae, 335, 353 
Models 
Euploea . 

Stictoploca harnsi 

Trepsichi ois niukibcr (female) 

For Nymphalinae, 241 
Models 
Crasiia core 
Damsepa diockiianus 

Penoa dtione . 

For Papilioninae 

Models 

Crastia core . . . 

C I 


Acraea esebria (female f. B), 354, 

355 

Acraea encedon, 355, 364, 365 n. i 
„ „ (f. alcippina), 364 


Mimics 

( P dardanus (female f cenea\ 337, * 

] 338, 355. 374 

(P. echeriotdes (female), 375 
P dardanus (female f hippocoon), 
338, 374, 374 n i 
P dardanus (female forms hippo- 
coon and trimem), 338, 374, 
374 11 2 
P agtsfor, 371 
P rnacareus, 288 
P xenocles, 288 

P dat danus { /rophonius), 

374, 374 n. i 

Mimics 

Chahouifiae, 275, 362 
Abiis htkiia, 232, 347 n 3 
Pus c mi a falkensieinii, 232 
Phaeagai tsla htkitoidts, 232 

mimics 
as models 


Mimics 

Elymnias coilonis} 373, 373 2 

Elymnias malelas [Uucocyma) 

(male), 372 

Elymnias malelas (leucocymd) 

(female), 372 

Mimics 

Hypolimnas bolina (female), 372 

Euripus halitherses (female f, A), 
373 

Euripus halitherses (female f. B), 
373 

Mimics 

Papilio castor (female), 372 

P, dravtdarum^ 372 


POULTON 
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For Moths (Chalcosiinae) 

Models 

Blue species of Euploea 


Mimics 

Amesia altns, 376 
Arnesia sanguijlua, 376 
Callamesia midama^ 372, 376 


Euploeini as mimics 


Of Danaini 

Trepsichrois multibcr (female), 334, 335 


5. Elymniinve as mimics 
Of Morphin \E (Apm/husitnae), 353 

Of Danaini, 353 

Elyrnnias caudata, 373 
E. lais (male), 353 
E undulans (female), 373 

Of Euploeini, 335, 353 

E cottomsP 373, 373 n 2 
E. malt las {leucocyma), 372 

Of Acraeinae, 353 
Of PlERINAE, 353 

6 Nymphalinae as mimics 

Of Ithomiinaf 

Prologonius, 338, 350-2 

Of Danaini, 349 , 

Euphaedra^ 347 ri 3 
Hypohmnas anihedon, 338 

Hypohmnas mistppus 215, 216, 247, 347 

Hypohmnas ivahlbergi, 338 
Limemtis, 274, 364 

Of Euploeini, 241 

Euripus halilhersts, 373 
Hypohmnas bohna (female), 373 

Of Acraeinae 

Byblia gotzius (wet season f), 341 
PrecJS anhlope { ,, ,, ), 340 

Precis sesamus { ,, „ =■ nabahnsis), 339, 339 n. i, 340 

Of Heliconinae 

Colaems telesiphc^ 334 h 2 

Nymphalinae as models 

For other Nymphalinae 

Models Mimics 

Athyma punctata (female). . Limenihs albomaculata (female), 

381 

Fntillary . ... Araschma levana f lev ana, 342 
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( Athyma punclata (male), 217, 218, 
3^2 

Limeniits albomaaUata (male). 
217, 218, 361, 381, 382 

Li7tiemiis . , Araschnia kvana f prorsa, 342 

7 Heliconinae as models 

For Nymphalinxe 

Model Mimic 

Hehconius itksiphe . . Colaenis ieksiphe, 334 n. 

Heliconixae as mimics 

Of Ithomiin\e, 232, 235, 322. 327, 331, 331 n i, 343, 350 
Euetdes mgrofidva^ 332 
Heluoyuu^^ 235 
Hehconius numcbia^ 33i“3 
Hcliconius vtlusiwi^ 333 


8 AtRAELWE as models 


For ^]LYMNII^A^, :}53 
For Nymphalinae 

Models 


Atfam (uara 
Atraui (intmosa 

Acrata seriua^ type ol 

F(fr Papilionin\f 
Models 

Acraeas, larg-e 
Planema poggei 


Mimics 

I Precis an{il(pe {\S'et season f very 
loupli mimic), 340 
Precis seiamus (wet season f rough 
mimic), 339, 339 n i, 340 
Byblia gotzius (wet season f), 341 

Mimics 

Papilio anliTnachus, 366 
P day (ianus{{<sXi\At\ plauenioidts\ 
33^. 37P 374 n 3, 375 


Acraein\e as mimics 

Of J)an\im, 349 

Acrata entedon (type f , alcippina f, See ), 355, 364, 365 n r 
Ac rata tsehtui, 354, 355 
Sec also 

Acraea sails (female). If the resemblance be mimetic, the Papilio 
acts as the model, 52 n i 


9 PiERiNYE as mimics 
Of Ithomiinae, 272, 273 

Dismorphia orist^ 240, 265, 266 


For other Pierinae 
Models 
Bdenois 


Pierinae as models 

Mimics 

Teracolus regina (wet season f.), 

341 


C C 2 
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Mylothns agathina . . . Belenois thysa (female in dry sea- 

son only, male especially in dry 
season), 341 

Huphtna, mimicry between 2 species of in dry season chiefly, 342 
Teracolus, ,, „ 4 „ „ „ „ 342 

For Elymniinae, 353 
For Moths, 275 

Model Mimic 

Teracolus eirida . . . Abraxas elndotdes, 231, 349 

10 Papilioninae as mimics 

or Danaini 

Papilio ageslor, 371 

P. dardanus (except platienioides, all mimetic females of), 336-8, 
355 . 374 . 374 n i, 374 n 2 
P echenoides, 375 
P macareus, 288 
P xenocles, 288 

or Euploeim 

P castor (female), 372 
P dravtdarum, 372 

Of Acraeinak 

P animachus, 366 

P dardanus (female f. planemoides), 338, 374, 374 n. 3, 375 
Of I\l0THS 

P. laglatzei^ 371 ' .j 

Papilioninae as models 
For other Papilioninae 

Models Mimics 

P, aristolochiae Papilto polytes {pammon), female 

f.373 

P. chaon , . P castor (male), 372 

P hector . P . polytts {^pammori)^{tvx7\t\ , 

For Acraeinae 

P morania and us allies (if mimicry exists between any of these 
species and Acraca satis female, the latter is the mimic), 52 n i 

For Moths, 231, 232 

Model Mimic 

P. protenor . Epicopeta philenora, 1^)1 

B. HETEROCERA (MOTHS) 

Moths as mimics 

Of Ithomiinae 

Castnndae, 243, 264, 266 

Hypsidae (Anthomyza, Hyelosta)^ 264, 266 
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Of Danaini 

Aletis helciia, 232, 347 n 3 
ChakosiiTtae^ 275, 362 
Eusemia falkensUtmi^ 23 2 
Pkaeagartsia hekitoideSy 232 

Of Euploeini 

Amesia ah ns, 376 
Amesia sangmjiua, 376 
Callamesia rnidn?na, 372, 376 

Of PlERINAE 

Abraxas tiridouks, 231, 349 
Chakosnnae, 275 

Of Papilioninae, 231, 232 
Epicopeia phiknota, 371 

Of Lycid Beetles, 276 
Lycomorpha, 231 
Lycomorpha lattfcula, 231 
Miviica, 231 
Pwnia, 231 

Of Humble-Bees (Bombls), Xylocopidae, and other Hairy Bees, 251 
Ctphonodts {Hcmarts) hylas, 365 
Haeni or ; hagia /uci/orrms, 365 
Haemot rhagia fityus [bombylt/ormts), 365 

0 / Wasp«, Hornets, Fossors, &c , 231 
GlauiOpidae, 231 
Sfsia {Trochilium), 251, 366 
Troihtlium apforme, 365 
Troi hiliurn i / ab/ oinforme {btmheciforrne), 366 

Larvae of Moths as mimics 

Of Ants, 368 

Shturopus/agt, 253, 253 (Fig 2), 253 

Of IIemiptera 

Stauropus fagi, 369 

Of Cobra-like and other Snakes 

Choerocampa elpenor, &c , 319, 326, 367, 367 n 2, 368, 376 

Moths as models 

For Papilionine Butterfly 

Model Mimic 

A urora alcidis . . Paptlio laglaizet, 3 7 1 

For other Moths 

Model Mimic 

Agartshdae . . Chakosiinae ^ 275 
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II. COLEOPTERA (BEETLES) 

I Longicornia as mimics of Hymknoptera 

Of Ants 

Euderces ptcipes, 255, 255 (Fig. 4), 256 

Of IcHNEUMONiDS (in the wide sense) 

Glenea pulchella, 363 
Nitocris nigncor?ns, 363 
Oberea, 257 n i, 280 
Scj>/asts, 257 n I 

Of Wasps, Hornets, Fossors, &c 
G allic hr ominae, 252 
Clytus arieiis, 238, 251, 252, 348, 363 
Esthesinae, 252 
Necydalinae^ 252 
Rhuio/ragi?iae, 252 

Longicornia as mimics of other Beetles 
Of Antiikibidae, 369 
Of Brfnthidae, 369 

Of CuRcui ionidce (weevils), 369 
Dolwps curculionoides, 261 
Dollops geoTiuit ica, 261 
Doll ops {Niphoniiiae), 250 

Of L’iciDAE, 276 

Of Phytophaga 

Eshgmenida vanabths, 261 
Oxylymma gibhuolltSy 237 

Longicornia {Clytmae) as models 
For other Longicornia, 348, 349 

2 Lycidae {lyciJtae) as models 
For Diptera, Hemiptera, and Hymenoptera, 276 
For Moths, 276 

Models Mimics 

LygistopiiT us 7 uhnpeunn . Lycomorpha latercula^ 2^\ 

Lycomorpha, 231 

Lycinae ■ Afimica, 231 

Pionia, 231 

For other Beetles 
Mimics 

Can/handac, 276 
Longicornia, 276 
Melyridae, 276 
Phytophaga, 276 
Telephoridae, 276 
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3 Phytophaga as models 
Foi Longicorn Beetles 

Models Mimics 

Diabrohca ... . Oxylymma gibbicoUts, 237 

Estigmena chintruis . Esftgmenida vanahthSy 261 


For other Phytophagous Beetles 

Models 

Ct'f 0 lorn a . . 

Diabf otic a I 


Mimics 
Lema, 237 
Dircemdy 237 
Lerna, 237 
Xtobt oiled, 2^6, 237 


Phytophaga as mimics 


Of Lycid Beetles, 276 

4. Rh\nchophor\ 
a Anihribidae as models 
For Longicorn Bf.eti es, 369 

b Bren 7 HID \E as models 
For Lon(.icorn Bej-iles, 369 

t Clrculionidae (wccmIs) as models 
Foi LoN(.i(OKi\ Beetle'^, 369 

Mimics 

Dohops iurculionoidts, 261 
Dollops gcomt'/r u u, 261 
Dohops {Niphojunae), 250 


III DIPTl'RA (FLIPS, &c) 

Dipt ERA as mimics 

Of Lycid Beetles, 276 
Of Bke i^Apii, fucllipica) 

Etnlalis, 243, 244 

Of Humble-Bees (Bombus), Xylocopidae, and other Hairy Bees, 251 
Hyper echia, 276 
Volucdla, 221, 378 

Of Wasps, Fossors, &c. 

Asihdae, 257 n i, 278, 378 
Ctria, 280 

Promachus lopkruSy 257 n i 


IV. HYMENOPTERA 
I. Ants as models 

For Caterpillars, 253, 253 (Fig 2), 254, 368 

For Longicorn Beetle 

Euderm ptetpes, 255, 255 (Fig 4), 256 
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For Hemiptera 

Myrmoplasta mira, 254, 255 (Fig. 3) 

Nabis lahventris (larva), 257 n. i 

For Homoptera 

Heteronotus tnnodosus, 258, 258 (Fig. 6), 259, 280, 369 
Membracid i\2irv^), 259, 259 (Fig. 7), 260, 280, 377 

For Orthoptera 

Myrmecophana/allax, 256, 257, 257 n i, 258 (Fig 5), 280 
Tfi/ix, 260 

For Spiders, 252, 368 

Synageles picaia, 253, 253 (Fig r k) 

Syfiemosy?ta for mica y 253, 253 (Fig i b) 


2. Bee {Apis meliifca) as model 
For Eristalis (Diptfka), 243, 244 


3 Humble-Bees (Bombus), X^locopidae, and other Hairy Bees 
as models 


For Moths, 251 


Mimics 

Ccphonodes {Hemaris) hylas, 251. 365 
Haemorrhagia fuciformis, 365 
Hacmorrhagia tityus {bombyh/ormis), 365 

For Diptera, 251 

Models Mimics 

Humble-bees . . Volucella, 221, 378 

Xylocopidae . . Hyper echia, 276 


4 IcHNEUMONiDS (in the broad sense) as models 
For Longicorn Beetles 

Mimics 

Gletiea pulchellay 363 
Niiocris nigricorniSy 363 
Oberea, 257 n. i, 280 
Scy lasts y 257 n. i 


5. Wasps, Hornets, Fossors, &c , as models 
For Moths, 251 

Mimics 

Glaucopidae, 231 

Sesia {Trochihum), 251, 366 

Trochihum apforviCy 365 

Trochiltum crabront/orme {bemb(c{/orme\ 366 
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For Longicor^ B 


EETLES 


Mimics 

Calhchrominae, 252 

Clyius anettSy 238, 251, 252, 348, 363 

Es/hesinae, 252 

Ntcydahnae, 352 

Rhmoiragviaty 352 


For Diptfr4 


Mimics 

Asthdae, 257 n i, 278, 378 
Cena, 280 

Pronuu hus wplet usy 2 5 7 n i 


For other U\sps, Fossors, &c 
Abupa 
A lastor 
Btmhex 
Eiwumi, 

Odynerus^ &c 


[ Internal mimiciy between genera 
of Australian Wasps, &c , 278 


For Hemiptera, 251 


Wasps, tic , as mimics 


Of Lycid BfETLEs, 276 


VERTEBRATA 

^ \^ERTFimATEs as models and mimics 

Birth, ]2 4, 367 

Alammah, 367, 367 n i, 368 

Snakes, .519, 324, 326, 367, 567 n. 2, 368, 376 


AGGRESSIVE MIMICRY AND ALLURING COLOURS 

Examples — 

Ceraitas hispinosus, 378 
Caaiias uranoscopuy 378 
Hyas c oar data ^ 3 1 4 
Hynimopus huornis, 378 n. 3 
Lophius pisiaionus, 378 
Alacrockmmys lemrnuukii, 378 
Maniidac, 378 

PhrynOLtphalus rnyslaccuSy 378 
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Names of quoted books, memoirs, journals, and publications of learned 
societies are printed in thick (Clarendon) type, and the latter are indexed 
under the name of the society 

The substance of the titles of the text is printed in small capitals, and is 
followed by the word ‘introduction’, or ‘essay’, with its number The sub- 
stance of the sectional headings of the text is followed by the contraction 
‘ introd or the number, omitting the word ‘ essay 
Quoted titles, beginning with the same word as titles or headings of the text, 
precede these latter, and are themselves arranged in the alphabetical order 
of the second word. Titles, S^l , of the text, beginning with the same word, 
are not thus arranged, but are placed m the ordei of pagination before the 
list of references under the same word. 

References under one word are generally gi\en m the order of pagination 
In certain cases, however, they are grouped more or less completely accord- 
ing to subject 

Footnotes, containing references only, are rarely indexed. 

Species ate indexed under generic as well as specific names, but the 
analysis of text is given under the specific name alone The generic name is 
distinguished by a capital initial letter 
Popular terms with a definite connotation such as ^beetles', ‘ butterflies’, 
‘caterpillars’, and ‘weevils’, are fully indexed, in preference to their more 
technical e? 5 uivalents ‘ Coleoptera’, ‘ Rhopalocera ’, ‘ Lepidopterous larvae’, 
and ‘ Curculionidae ’, respectively When the connotation is less definite, 
e g in ‘flies’ and ‘bugs’, full references are given under the scientific 
equivalents, ‘ Diptera’ and ‘ Hemiptera’ respectively. 

‘f’ indicates ‘form’, ‘siib-sp’ indicates ‘sub-species', ‘sp,’ indicates 
‘ species ’ 


Ahs^a, species of, resemble other 
Hymenoptera in Australia, 278 
Abnormal conditions unnecessary 
for production of Acquired Charac- 
ters, 143 

A drains etridoides, 23 1, 349 
Abundance of butterflies, various 
causes of, 332, 

Abyssinia, antinoru, an ancestral 
sub-sp of the Pap dafdanus group, 
373~5 > female of Abyssinian anti- 
norii figured by W'eismann in place 
of male of another sub-sp with 
different distribution, 375 
acara^ Acraea^ a model of wet f of 
Precis sesamus^ 339 n i 
Accidental likeness, an inadequate 
explanation of mimicry, xxiii, 257. 

‘Accidental', Pnehard’s use of term 
similar to Darwin's, 185. 


Acerata, place in classification of, 
33 ; relation of Tnlobites to, 39 
athelota {gotzius)^ Hypanis 
{Byblta)^ mating of similar seasonal 
forms of, 87 , dry f of bred from wet, 
341 , wet f of a mimic of A serena 
type, dry f procryptic, 341. 

Achievement, contrasted with 
faculty in man, 170, 17 1. 

ackim, leracolus^ experiments on 
seasonal forms of, 31 1, Mullerian 
mimicry chiefly in dry f of, 342 
Acquired Characters, the 
Study of Insecis and Question 
OF Transmission of, Essay V, 
139-72. 

‘Acquired Characters’ de- 
FINED,V. 140-4 ; see also 73 n. i 
Acquired Characters (Ex- 
perience), BEARING OF INSECT 
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Mimicry, &c. upon supposed characters are transient , they termi- 
Transmission of, V. 166-8 nate with the individual, and have no 

Acquired Characters, Trans- influence on the progeny,’ Prichard 
mission of, implied by the (1826), 179; non-transmission of 
Theory of External Causes, considered beneficial by Prichard, 
VIII. 267. 182 

Acquired Characters, transmission Acraea acara, 339 n. i ; — anemosa^ 
of, disputed, 96, a factor of La- 339 n i , — 355, 364, 365 n. i , 
march's theory, 98; meaning of — esebrta^ 354 , — 52 n. i ; — 

term, iio; transmission of, dis- serena^ ^ 
cussedj 110-15 ; Lamarckism and, (see also classification of 

1 10-15 , theoretical difficulty of trans- examples of mimicry, 384-8), slow-fly- 
mission of, III, 112, definition of mg and gregarious, 52 n i, need for 
somatogenic, centripetal or, 122, 123 ; breeding epigonic series of, 90; as 
pangenesis and inheritance of, 123-7 , models paralleled by Diabrotna, 
continuity of the germ-plasm and, 236 , always tend to be mimicked, 
131-2; relation to germ-plasm of, 233, an Indian species of proved to 
shown m Diagram II, 132, ‘identical’ be iinpalateable, 269, uniformity 
twins and relation of inherent char- throughout many species of, 277 , 
acters to, 132-5; discussion of unpleasant scent in African, 316, 
transmission of, 136-8, direct and absence of ‘ eye-spots ’ in, 326;pre- 
indirect evidence of transmission ferring station different from that of 
of, 136-8 ; mutilation, education model, L chrysippus, 349 
disease, &c., 136 , position of medical Acraeoid Hehconidae of Bates = 
faculty [m 1889] with regard to trans Heltcomnae, 327 
mission of, 136, 137, origin of mdi -^cr/^/77//^77’ofCoinmentryCarboni- 
vidual variation and, 137 , instinctand ferous (Palaeacndiidae), 36, 37, mi- 
116-19, 138, 154-66, use-inheritance micry of leaf-carrying ant by, 260 , 
and, 137, 138, confusion caused by value of bright hind wings of, 303, 304, 
term, 140, erroneous assumption 325, colour adjustment of, 307 , ob- 
that use of tenn is only recent, 14 1 servations on the courtshjp of, 380 
n. 2, use of term by Erasmus Acronycia aim, — cuspis\ 
Darwin (1794), 140-1, by Lamarck n i; —psi, 87 n i , — stnyosa, 87 
fi8o9), 141; by J C Prichard n. i , —trtdens,^j n i 
(1826), 177, 179, Sir Ray Lankester actia, Prats, seasonal forms of, 
on use of, 141 n 2, Prof Weismann 208, dry f bied from wet (1903), 
on, 142; Prof J Mark Baldwin on, 34on 2 , under side more conspicuous 
73 i 73 n- L 142, 142 n. 2, Prof C in wet than dry seasonal form of, 340 , 
Lloyd Morgan on, I42, 143; Francis S African habitat of, 340. 

Galton on, 143 ; Sir Edward Fry on, Aculeata Hymenoptera, see 

143, 144; E B. Poulton on, 143, Hymenoptera, and all the groups 

144, interpenetrated by inherent there referred to except Ichneu- 

elements, 144 ; parental acquired monids, and saw'flies. 
characters if hereditary would not be Adamsta palhata, 357. 
acquired but inherent in offspring. Adaptive or Syntechnic Resem- 
144, inconsistency of Lamarck's blance, 312, 312 n 2, 359, 360 n i 
Laws with regard to, 144-6, due to Adaptation of certain Breeds 
gravity not inherited m pupae, 1 5 1-2 , to partloular local oiroumstanoes, 
insect colours and supposed trans- J. C. Prichard, 188-90. 

mission of, 166-8 , inherent (con- Adaptation, Study of, Stimu- 

genital or connate) characters clearly Lates and does not Bar INQUIRY, 
distinguished from by J C. Prichard, Introd. xliv-xlvii. 
i75» 179 ; non-transmission of, clearly Adaptation for CROSS-Fer- 

apprehended and ably discussed by tilization a cause OF Asyngamy, 
Prichard (1826), 174-85; ‘acquired II 90,91; see also 65. 
varieties are not transmitted,' Adaptation for Cross-Fer- 

Pnchard (1826), 177; ‘acquired tilization the cause and not 
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THE CONSEQUENCE OF INJURIOUS PROTECTIVE (AND AGGRESSIVE) 


EFFECTS OF SELF-FERTILIZATION, 
II. 91-94. 

Adaptation, Darwin’s case against 
mutation that it cannot explain, xix ; 
ngid self-cnticism required in the 
study of, xlvii, effect of conditions 
and, 75; for Cross-Fertilization, 
Darwin’s explanation of, 92 , 
specialized mechanisms for, 153, 
essential meaning of, 153, 154; in 
Lepidoptera as evidence for Natural 
Selection, 203-18 , m caterpillars, 
154, to one environment, but con- 
tinual contact of organism with an- 
other, 153, 154, J C Prichard on 
locality and, 188, on the ‘double 
relation’ of affinity and, 188, 189, 
on the laws of variation resulting in, 
190, species and varieties compared 
by Prichard as regards, 189, 190, on 
locality and climate of human races 
and, 190, 191 

Aden, Limnas thrysippus at, 70 

n I 

Adjustable Aggressive Resem- 
blance, 313 

Adjustable Neutralization 
OF Shadow, X 300 
Adjustable Protective Re- 
semblance, X 304-7 , Rapid, 
30^, 305, 5 low, 304-7 
Adjustable Protective Resem- 
blance, G J. Romanes on, 152, R 
Meldola on, 153, Natural Selection 
and, 152, 153 , Lamarckism and, 152- 
4, non-transmission of acquired 
characters and, 153, rapid in fish, 
Reptilia, ^c , 305 , slow in cater- 
pillars, 305-7 , chrysalises, 149, 
150, 150 n 2, 305, 306, cocoons, 
149 , weevils, 307 , grasshoppers, 
307 ; spiders, 307 

Advantages of admission 
that Diagnosis is provisional, 

II 76, 77 

Advantage Conferred by 
Perfected Mullerian Resem- 
blance, X 328, 329. 

Advantage Conferred during 
Growth of Mullerian Resem- 
blance, X 329-31. 

Advantage conferred by mimicry, 
evidence of, 288 , conferred by 
concealment, direct evidence of, 288, 
289. 

Adventitious or Allocryptic 


Resemblance, X. 313, 314, 
Adventitious Warning or 
Allaposematic Colours, X. 356, 
357, see also 315. 

Adventitious Object Associ- 
ated with Model, Mimicked: 
Pseudallaposematic Resem- 
blance, X. 377 ; see also 359. 

Affinity, Mimicry, &c, indd» 
pendent of, VIII Two sections, 
229-34 and 235-7 , see also 345. 

Affinity and adaptation, J. C. 
Prichard on the ‘ double relation ’ of, 
188, 189 

Affinity and analogy, W S. 
Macleay on, 220 , Rev. W Kirby on, 
220 , Professor J. 0 Westwood on, 
221 

Africa and Adj\cent Islands, 

I he P\pilio dvrdanus (merope) 
CiROUP Of, X. 373-6 , see also 
datdanus 

Africa, XXVI, 70, 71, 100, 187, 1 90, 

215, 222, 223, 276, 277, 304, 31 1, 
316, 320, 336, 339 n I, 340, 341, 
342, 344, 345, 345 n 5, 353, 364, 365, 
367 n 2, 368, 370, 373 , 374 . 375 , see also 
Ethiopian, xxv, xxvi, 336, 365 , Grand 
Comoro, 373 , Madagascar, 57 n i, 

216, 245, 373, Sahara, 321, 364, 
Sudan, 256, 258, Victoria Nyanza, 
XXXV, 69, 338, 374, 374 n 3 

Africa, Last, 254, 255, 282 n. i, 
320, 335-8, 374, 375, see also 
Abyssinia, 373-5 , Delagoa Bay, 
282 n I , Kikuyu, 374 , Rosako, 
Usaramo, 255 , Somali, 321 
Africa, South, 53, 87, 276, 281, 284, 
300, 301, 303, 31 1, 313, 320, 326, 335, 
340, 363, 369. 374 , 375 , see also 
Cape, 87, 88, Durban, 52 n i, 71 
n 1, 72,283; Gazaland, 284 , Malvern, 

52 n I, 283 , Melsctter, 284 , Natal, 

52 n I, 71 n. I, 87, 249, 283, 
Pretoria, 71 n i; Rhodesia, 71 n. r, 
257 n I , Salisbury, 71 n i, 257 
n. I, 283, 284 

Africa, West, 248, 321, 335, 337, 
338, 364, 366, 374 , see also Congo, 

321 n I , Entebbe, 374 n. 3 ; Guinea, 
187, Luebo, 321 n i , Niger, 321, 
364, Toro, 338 ; Uganda, 338 
After-lives of twins, 134, 135. 
Agaristcd moth mimicked by 
Chalcosid moth in Borneo, 275. 
agathina^ Mylothris as model of 
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BeUnois^ 341 ; no seasonal change in, alcippus f of Ltmnas chrystppus, 
341, 342. increased conspicuousness suggested 

Age of stratified rocks, 16, 17 as interpretation of, 321 , distribution 

Age of “the Earth, A Natura* of, 321, 321 n. i ; predominance of on 
LIST ON The, Essay I 1-45 W coast of Africa recent, 364. 

Age of the Earth, argument from Alcyonaria, resemblance between 
tidal retardation and length of day, Palaeozoic and living forms of, 28 

7-9; from cooling of earth, 9-13; A /^its ■ E up/ta^dra, MnWenun com- 
from life of sun, 13-15; radium and, bmation, 232; in certain characters 
15 n. 2 ; geological argument on, 16, more conspicuous than primary 
17. model, L. chrysippus^ 347 n. 3 

agestor^ Papilio, in some respects Alehs helata^ 232. 
more conspicuous than model, Algae, special resemblance to 

Caduga tytia^ 371 floating, 298, as covering of 

Aggressive Mimicry INCLUDING rhynJius, 2,1}^ , allopro- and allanti- 
Alluring Colours : Pseudepise- cryptic use of by Hyas^ 314 
MATic Resemblance, X 377,378* A Liberal Education, T H. 

see also Mimicry Aggressive, &c Huxley, 198 
Aggressive or Anticrypiic alms, Amesia, with allied Chal- 

Resemblance, X 312, 313 cosiine moths, rough Mullerian 

Aggressive Resemblance Au- mimics of blue Onental Euploeas, 
ventitious or Allocryptic, X 376 

313, 314 Allanticryptic colours of Cerato- 

Aggressive or Anticryptic Resem- phrys, 313 , of Myrmeleon larva, 
blance, place of in bionomic uses of 313 , of Hyas, 314 
colour, 226; defined, 297, geneial Allaposematic or Adventi- 

and special, 312, elimination of iious Warning Colours, X. 356, 
shadow in, 313 , seasonal change in, 357 , see also 315 
313 , adjustable resemblance in, 313 , Allelomorphs or germinal precur- 
to upright stems and their shadows, sors of Mendelian characters, infer- 
313 , to supposed images of sun, 313 ences as to the, xxxi-xxxiii 
aglaia, Argynnts, probable effect Allepigamic collection^ of bover- 
of gravity on pupal shape of, 152 birds, 379 
Akya Chaung (branch of Haun- Allier, fossil insects of Department 
draw R.), Burma, bee-eaters capturing of, 35-8 

butterflies at, 287, 288 All-Importance of Instinct 

Alastor, species of, resemble other FOR Protec iivE Resemblance, X 
Hymenoptera in Australia, 278 301, 302 

albimaculata?iV[<ie€heria,A?naur IS, All - IMPORTANCE OF Instinc- 

westem Amauns mimicked by, 335, TivE Attitudes AND Movements 
337; dominant models m E Africa, IN THE Display of Warning 

336 , mimicked by the cenea female COLOURS, X 323, 324. 

f. of three sub-sp oi Pap dardanus, All-Importanceof INSTINCTIVE 
337 » 338, 355 ^ 374 . by female of Pap Attitudes and Movements in 
echerioides, 375. the Attainment of Mimetic 

Albinos, sudden origin of in man. Resemblance, X 363 
185. Allocryptic or Adventitious 

albomaculata, Limemtis of W. PROTECTIVE (and AGGRESSIVE) 
China mimetic of male H. ??nstppus. Resemblance, X 313, 314 
217 ; male only mimics mistppus, Allocryptic resemblance defined, 
381; male probably a secondary 297; examples of, 313, 314 
mimic of male A. punctata, 381; Alloprocryptic colouring of 
female resembles female of this rhynchus, iii', 314* 

species, 381; distribution of, 382, Alluring Colours and Ag- 

alci^ina f. of Acraea encedon, GRESSIVE MIMICRY : PsEUDEPl- 
relation to alcippus f. of L. chrys- sematic Resemblance, X. 377 j 
ippus of, 364. 378 ; see Mimicry Aggressive, &c. 
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under Side ocellated 277, 280, 302,311, 317, 322, 323, 327, 
in wet, procryptic in dry season, 333, 334 n. 2, 336, 346, 350, 367, 370, 
340 , wet oceUated f. of (astene) per- 377 ; see also Amazon, 85, 273, 351 ; 
manent in damp Siamese forests, Andes, 90, Bolivia, 351; I 3 razil, 
341 - 53 n. I, 216, 273, 313, 351, 356, 376 ; 

alni^ Acro7iycitiy transition from British Guiana, 259, 259 (Fig 7), 272, 
cryptic to aposematic defence in larva 273, 322, 332, 350; Demerara, 216; 

of, 319 Ecuador, 265, 351 , Ega, 273, 351; 

Alpine Hare, seasonal changes of, Guianas, 350, Neo-tropical, xxvi ; 
310, 313 Pard, 257 n i , Patagonia, 187, 225f 

Alternation from cryptic to apo- Peru, 351 , Potaro, 332, Sunnam, 

sematic defence in dry and wet 235, 272 , Trinidad, 235, 350, 351 , 

seasons respectively, 208, 209, 320, Venezuela, 273, 350 
339 . 340 American Addresses, T. H. 

Amathusiinae^ see Morphinae Huxley, 56. 

Amaurzs, probable importance of American Association for the 
Mendelian principle in the splitting Advancement of Science, Pro- 
of species of, xwv , see also 68, 69 , ceedinga of, 215, 217, 247 n i, 364. 
black and white species of and Natal American Journal of Science, 
mimics in Hope Department, 249 , 35. 

Eastern sp of influenced by Western Ameiioan Naturalist, 142 n 2 

at overlap, 335, 337 , Eastern sp of Amena alms, 376, — scwi^mflua^ 

and mimics replaced at V Nyanzaby 376 

Western sp, and mimics, 336-8, Amixia of W eismann, 60. 

Western sp of mimicked by 7 Aminophila, stinging ganglia of 

znotgem, 337 , mimicked by one f of prey, 161 
female, A esehia, 354, 355 , advan- Azntnophila lunaria, 163 
tage of resemblance to Airysippus as Amphibia, 26 , rapid colour adjust- 
well as to, 355 ment in, 305 

Amauris albiniaculata, 335-7, Amphidinys betulana, 

374.375. — 249, 335-7, 355, Amphimixis of Weismann, 60 n 3 
374 # 375 . ^ntavius, 68, 69, 336, Amphioxus, 26, 30 
338, 374, 375, — ntavtus, sub-sp resemblance to dead leaf of, 

dominitanus, 68, 69, 336, 338, 374, 205 

374 n 2, 375 , — ochlea, 336. Analogical or Syntechnic Resem- 

Amazon, segregation and preferen- blance, 312, 359 
tial mating in butterflies of the, 85, Analogy, W S Macleay on affinity 
86 and, 220, Rev W. Kirby and Prof, 

Amazon, Upper, charactei of chief J 0 Westwood on affinity and, 220, 
mimetic liutterfiies at I'ga on the, 221 

273, 351 Anmysis of Mimetic Resem- 

Amblyorni}> inoznata, 379. BLANCE, VIII 240-2 

America, 187, 315, 323, 324 Anatomy and Physiology, 

America, Central, 232, 249, 258, Journal of, 128 n i, 136 n i 
350, see also Antilles, 247 , Hon- Ancestor, non-Mimetic of 
duras, 235, Mexico, 274 , Neo-tropi- Mimetic Species preserved on 
cal, XXVI , West Indies, 178, 187, 216 Islands, &c , X. 373-6 
America, North, 253, 255, 274, Ancestor, Mullerian mimicry best 
333 , see also Arizona, 231 , Canada, explains origin of divergent mimicry 

270, 274, Florida, 216, Hartland, m descendants of a common mimetic, 

255, 256, Pine Lake, 255, 256, 352,354 

Toronto, 263, United States, 97, Ancestral forms of higher branches 
100, 178, 274, 378, Wisconsin, 118 of animals, 26, 27 
n I, 252, 253, 256, 380 Ancestral pattern, effect on origin 

America, South, orTropical, 87, 178, of mimicry of, 2i8, 382 ; persistence 
187,222,223,231,233,235,237,239, in non-mimetic males of mimetic 
243, 247, 249, 252, 258, 259, 264, 273, females of, 244-?) 279 ; occasional 
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vanetics of a mimetic female may 
show traces of, 279. 

Ancon or otter sheep, sudden 
origin of, 185 

Andalusian fowl, the blue a hetero- 
zygote, xxxvi ; Bateson on natural 
selection and the, xxxvi , suggests 
variations useless for evolution, xxxix, 
xl. 

f. Andaman Islands, Elymmas 
cottonis m, 373, 373 n. 2. 

Andes, Peruvian, Harvard branch 
observatory in, 90 
Andrewes, Leslie, on mimicry of 
Glenea pulchella^ 363. 

anemosa, Acraea, a model of Precis 
natalensts, 339 n l 
An Essay on Fertilisation, Prof. 
M. Hartog, 60 n 3. 

Angiosperms, appearance in late 
Mesozoic of, 45 , relation to Cycado- 
phyta of, 45. 

Angler or Fishing-Frog, bright 
lure of, 378. 

Angora breeds, J. C. Prichard on, 
1S7. 

Animal Behaviour, Prof C. 
Lloyd Morgan, 154, 281 n. i 
Animal classification, 25 
Animal Coloration, F. E 
Beddard, 244, 247 
Animals limited by tse-tse fly, 100 
Annales de la Sooi 6 t 4 Entomo- 
logique de France, 21 1, 326 
Annals and Magazine of 
Natural History, 49, 53 n i, 71 
n. I, 208, 223, 234, 278, 323, 340, 
356. 

Annandale, N,, on hour swhen 
insect enemies are inactive, 303 ; 
on flower-like species of Mantids, — 
Hymenopus, &c , 378 n 3 
Anosia plextppus {archippus), 274, 
364. 

Ant, see Ants 

Antagonism Promoied be- 
tween Studies all needed for 

ATTACKING PROBLEM OF EVOLU- 
TION, Introd. xli-xliv. 

Antennae, presence or absence of, 
important in classification, 33 , ab- 
sence in Crustacea of true, 33 n i , 
possessed by trilobites, 17,39, simu- 
lated by legs of mimetic spiders, 253 , 
modification in weevils and mimetic 
Longicom, 261 ; simulated by ‘tails’ 
of Lycacnids, 282, 325, 325 n. i ; 


mimicked by posterior processes of 
S./agi larva, 369. 

anthedon^ Hypolimnas (Euralta) 
replaced by eastern H, wahlbergi 
near V. Nyanza in accordance with 
corresponding geographical replace- 
ment of Danaine models, 338. 

Anthomyza, sp. of, as mimics of 
Ithomiinae, 264 ; method of obtain- 
ing transparency m moths of the 
genus, 266. 

Anthribidae, see classification of 
examples of mimicry, 390-1. 

Anthropological Institute, 
Journal of, 134. 

Anthropology, discoveries of J. C. 
Prichard in, 173 

Anticipation of Modern Views 
ON Evolution, Essay VI, 173-92 
Anticryptic or Aggressive 
Resemblance, X 312, 313. 

Anticryptic Resemblance, see 
Aggressive, &c 

anttgone, leracolus, Mullerian 
mimicry chiefly in dry f. of, 342. 

Antilles, H mtstppus extends into, 
247 

antilope^ Precis., seasonal forms of, 
208, dry f bred from wet (1902), 
340 n 3 , reason for considering wet 
f a Mullerian mimic, 340, under 
side conspicuous and roughly mimetic 
m wet, procryptic m dry season, 340, 

S African habitat of, 340. 

antimachus, Paptlto [Drurya)^ a 
mimic of far smaller Acraeas, 366 
antinoni, Papiho^ an Abyssinian 
non-mimetic (with exceptions, 374n i) 
member of the dardanus group, 374- 
5 , see also dardanus 
Ant-lion larva, allanticryptic re- 
semblance of, 313. 

Ants, see also classification of exam- 
ples of mimicry, 380-92 , Lamarckism 
and instincts of worker, 165 ; mimicked 
in various ways, 252-61 ; peculiarities 
of, reproduced by mimics, 259; ad- 
vantage ofresemblanceto, 281; many 
examples of mimicry of, Batesian, 
376, resemblance of covering shield 
of Membractdae to, 258 (Fig 6), 258- 
60, 280, 369 ; mimicry by immature 
Membracid (Homoptera) of leaf as 
well as of, 259 (Fig. 7), 260, 280, 
377 , carrying off wings of butterflies, 
288. 

Apatetjc colours, position of, m 



ANALYTICAL INDEX 401 


a scheme of the bionomic uses of 
colour, 226. 

apiforme, Trockihum [Sesia)^ 
nature of lost scales of, 365. 

Apes, brain m man and, 108. 
Aposematic and Episematic 
Characters, X. 315-58 For 
divisions, sections, and sub-sections, 
see 294-6 

Aposematic or Warning Char- 
acters, X 315-26 For sections 
see 294-5. 

Aposematic colours, see Warning 
Colours 

Aposeme,‘ tussocks ’ a form of, 326 
Appendiculata, 25, 27, 28 , of early 
Palaeozoic, 30 , classification of, 33 , 
evolution or, 33-41; imperfect record 
m the stratified rocks of evolution of, 
41, 42 

Appropriaie Surfaces for 
RESTING ON , CHOICE OF, X 30I 
Aptera, great age of, 52 
Aquinas, St Thomas, on St Augus- 
tine’s views on creation, 55 
Arachnida see also spiders and 
scorpions , place in classification 
33 > highly specialized in early 
Palaeozoic, 39-41 

Araschnta lev ana, and its later f 
prorsa, 342 

A»oh. f • Bntwlok -Meoh. d 
Organism , 130 n i 
Archaediscus, occurrence in Car- 
boniferous of, 27 

Archaeopteryx, ancestral features 
of, 32. 

Archdall Reid, xl n 2 
arthesta, Precis, transition from 
cryptic dry to conspicuous wet phase 
of, 208, 320, 320 n I , under side 
probably aposematic in w'et, pro- 
cryptic in dry season, 340 ; S Afiican 
habitat of, 340 

Archipolypoda of Palaeozoic, 34 
archi^us, Anosia, see plextppus, 

274, 364 

Arctic Fox, aggressive seasonal 
change of, 313 

Arctiidae, mimicking Lycinae, 231. 
art turns or polyctor, Paptlto, 
attacked by King-crow, 285. 

Are Acquired Characters Here- 
ditary P discussion at Brtt. Assoc 
(1887}, 155 n- J 

argentus, Paptlw, W. C Hewitson 
on, 57 n. I. 


Argyll, Duke of, on Natural Selec- 
tion, 101-2. 

Argynnidae, pupae of, affected by 
gravity, 152. 

Argynms aglaia, 152. 
arietis, Clytus, mimicry of wasp 
by, 238, 251, 252, 348, 363 
artstolochtae, Papilto, shown to be 
distasteful, 269, 372,375, mimicked 
by female i P polytes, 373. • 

Aristotle and organic evolution, 56 
Arizona, examples of mimicry from, 
231 

Arnold, Matthew, on discovery and 
youth, 199 

‘Art papers’, so-called, 170 
Attamus fuscus, 286. 
a 7 taxia,Preasycs\Atx side ocellated 
in wet, procryptic in dry season, 340 , 

S African habitat of, 340 
Artctnia transformed into Branch- 
^piis, 73, 74 
Artemia sal in a, 73 
Arthropoda, classification of, 33; 
of the Palaeozoic, 34-41 
Artificial Selection, Diag- 
nosis TRAVERSED BY RESULTS OF, 

II 76 

Artificial selection, probable im- 
mense importance of Mendelism in, 
XXXV , compared with natural selec- 
tion by Darwin erroneous state- 
ment of Darwin's opinion on, xl, 
xl n 2, n 3, xli , results of, 76; does 
not produce sterility, 77-80 ; physio- 
logical species and, 79, 80, domestic 
breeds and, 83 n 2 ; J C. Prichard 
on, 186, T H Huxley on, 201. 

Asa Gray, letters from C. Darwin 
to, xxvi, 66, 67, 68, copy of letter 
from Darwnn to, included in Darwin's 
section of the joint essay (1858), 194 
n I 

Ascans, early appearance of germ- 
antecedent in, 131. 

Ascarts megalocephala, 131. 
Ascidians, 30 , sea-anemones, 
sponges and, carried by hermit- 
crabs, sea-anemones by crabs, 356, 

Ascidwphilus caphyraeformts, 357. 
Ashy swallow'-shrike capturing 
Euploea, 286 

Asiatic lizard with flower-like lures, 

378 

Asiatic Society of Bengal, 
Journal of, 269, 279 n, I. 


D d 



ANALYTICAL INDEX 


402 

Asihdaey mimicry of Hymenoptera Protective Resemblance, X 301, 
by, 257 n. I, 276, 278, 378 ; mimicry 302 : see also 289, 298, 300, 301, 
of Hymenoptera by, probably not 318. 

aggressive, 378; attacking specially Attitudes and Movements, 


defended insects, 318. 

Aspects, Various, of Mimicry, 
Illustrated by Oriental and 
other Lepidoptera, X. 370-6 
Ass and horse, sterile progeny of, 

V8. 

asst mills, Buchanga, capturing 
probably Catopsilia florella, 283 , 
chasing a Belenois , capturing and 
rejecting distasteful moths, 284. 

‘Association* or ‘Combination’, 
use of, contrasted with ‘group’, 293 
astene, Precis, the wet f. of P. al- 
niana, 340, 341 
Asteroidea, 30 

astyanax, Limenitis {Bastlarchta), 
extends into Mexico, 274 
Asympatry as cause of Asyn- 
gamy, II 84, 85 
Asympatry, definition of, 62 
Asyngamy, definition of, 60 , the 
true interspecific barrier, 65, 84 , 
sections dealing with various causes 
of, 84-91 , caused without selection, 
89 

Atavism, relation to pangenesis of, 
125 

Aiella phalantha, 283 
ater, Dtcnirus, attacking Paptho 
and capturing Vanessa, 285 
athamas, Charaxes, eaten by bee- 
eater, 288 

Athyma and Limenitis, Resem- 
blance OF Males to Male Hypo- 
LiMNAS Misippus, X 381, 382. see 
also 217, 218. 

Athyma, conspicuous and probably 
distasteful, 218 

Athyma [Pantoporia) cama, 382; 
punctata, 217, 381, 382 

Atlantic, swarm of H misippus in 
mid-, 216 n. 2 

Atmosphere, energy of sun may 
have been conserved by, 14. 

Atta {Oecodomd) cephaloies, 259, 
259 (Fig- 7), 260, 280, 377 
Attidae, mimicking ants, 252, 253 ; 
courtship of spiders belonging to, 
380. 

Attitude, Reduction of 
Shadow by, X. 300, 301. 

Attitudes and Movements, 
Importance of Instinctive, for 


Importance of Instinctive, in 
Display of Warning Colours, 
X. 323, 324 : see also 319, 320 
Attitudes, Intimidating, X. 

324, 325 

Attitudes and Movements, 
Importance of Instinctive, for 
Mimicry, X. 363 • see also 241, 319, 
341. 

August Thom Moth, 149, 150 
Augustine, St , on the method of 
creation, 55 
Auk, 299 

Auri villus. Prof. Chr., on A maun s 
niavtus and its form dominicanus, 68 
aurora, Alcidis, mimicked by Pap, 
laglatzei, 37 1. 

Australia, form of P, cardut of, 
85 n. I , uniformity among wasps 
and Fossores of, 278. 

Australian and Oriental Regions, 
Euploeim nearly restricted to, 333, 
353, mimicry in the Elymmtnae of, 
353 

Australian Region, see Australia, 
Austro-Malayan, New Guinea, 371, 
379, Polynesia, 333, Temate, 194 
Austria, hereditary Hransmiesion 
of inherent peculiarity of Iip in Royal 
House of, 180 

Austio - Malayan sub -Region, 
mimicry in the Elymniinae of, 353 
Autobiography, Charles Darwin, 
xxix, 92. 

Avebury, Lord, on instincts of 
Fossorial Hymenoptera, 160, 161. 

B 

Bacon, Francis, on transmutation 
of species, 54, 55, on ‘vivification 
from putrefaction’, 54, 55; on re- 
straining power of seed, 55. 

Bairdia, persistence through geo- 
logical time of, 39 
Balanoglossus, 26, 30 ; conclusions 
of Bateson from study of, xliii. 

Baldwin, Professor J Mark, 312 
n. 2 ; on modification and variation, 
73 , 73 n. I, 142. 

Balfour, F. M., on Penpatus, 33 
Ballad of the Ichthyosaurus, 
May Kendall, 104. 
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Bankasoon, S. Tenassenm, nest of 
Mtcrohterax at, 2^, 291. 

Barbet, Mtcrohterax nesting in 
hole made by, 291 n. i. 

Bark, cocoons formed of, 158, 159 ; 
protective resemblance of moths to 
298, 301 : see also 322 ; colour adjust 
ment of larvae to, 306, 307 ; syn 
cryptic resemblance to, 312 

Barker, C. N , on mimicry of 
Nitocns mgrtcornts, 363 

Barnacles (Cirrhipedes), C. Darwin 
on systematic work on, xv, 59, 60, 67. 

Bastlarchia, see Limenitts 

Bates, H. W , on the wings of 
butterflies as registers of evolution, 5 1 
51 n I ; on preferential mating of 
butterflies, 85-7 ; letters from Darwin 
to, 86 ; theory of mimicry of and 
transmission of acquired characters, 
167, theory of mimicry of, 21 1-15 see 
also 85, 86, publication of theory of 
mimicry by (1862), 220-2 ; inter- 
pretation of mimicry between models 
by, 222, 327, 327 n I ; rejection of 
Mullerian mimicry by, 223, stimulus 
to investigation due to theory of, 224 , 
place in scheme of bionomic uses of 
colour of theory of (Pseudaposematic 
colours), 226 , use of term Hehco- 
wx^^wby, 213, 234, 235 n i , theory of, 
consistent wfth facts, 268 , objections 
to theory of, 269, 270, probably mis- 
led by mimicry of lihomnnae by 
Heltcontnae, 327 , on different flight 
of Ithomiines and Heliconines, 331 
n I , theory of, one of the first 
great results of Natural Selection, 

361 

Batesian (or Protective) 
Mimicry, 361-76 For sections and 
sub-sections included under, see 296, 
297 see also 348-56. 

Batesian Mimicry, see Mimicry, 
Protective, dec. 

Bateson, W., exaggerated estimate 
of importance for evolution of On 
Variation by, xiii, xiv, xl , on Con- 
tinuity and Discontinuity, xiv , on the 
dominance of Discontinuity, xv, xv 
n I , on the sole chance of progress 
in evolution, xvi n i , on the imminent 
completion of systematic work, xvi 
n. I , on variation as evolution, xvi ; on 
Natural Selection necessary, but its 
mvcstigation unnecessary, xvm, xvin 
D I, XIX , on phenomena of hybridiza- 


tion perhaps exhibited by Oenothera 
lcuttarcktana,yx\ on Natural Selection 
not creative, xxii, xxji n. 3 ; Darwin’s 
work on the primrose compared with 
that of Gregory and, xxvii-xxxiv ; on 
the thrum-eyed pnmrose, xxix n. 4 ; 
statement of the problem of evolution 
by, xxxiii, xxxiv , on Panmixia, xxxvii 
n 2 , exaggerated estimate of effect 
of Mendelism by, xxxvii n 2 ; erro* 
neous statement of Darwin’s teaching 
by, xl , unreasonable disparagement 
ot Embryology by, xlii, xliii ; on per 
saltum evolution, 4 , on absence 
of struggle during pupal stage of 
V urttcae, 306. 

Bauhin, Kaspar, and fixity of 
species, 56 

Bayzand, P J , drawings of larvae 
by, 254. 

Beagle, Darwin's experiences on 
the voyage of, 193 
Beddard, F E , on Enstalis and 
hive-bee, 243, 244 , on accidental 
resemblances between insects, 247 
Bees (see also classification of 
examples of mimicry, 389, 391-2 see 
also humble-bees, 221, 251, 365, 378), 
attacked by bee-eaters, 287 ; larvae 
of mimic contrasted as regards food, 
&.C , with larvae of, 244 , efifects of 
castration by Sty tops of, 380 
Bee-eaters capturing Ptertnae in 
Ceylon, 285, 286; systematically 
capturing butterflies, 287, 288 
Bee Orchis, selFfeitilization of 
the, 64, 92, 

Beetles (see also Anthribtdae, 
Brenthidae, Longicorn, Lycidac, 
Phytophagous, weevils see also 
classification of examples of mimicry, 
389-93), often wingless in Madeira, 
18, late evolution of, 38, protective 
instincts of, 155 , ‘sham death’ of, 
323 ; colour adjustment probable in, 

307 , mimicked by distasteful moths, 

&c , 231, 276; predominant mimicry 
m S American, 248 , diurnal groups 
of, mimicked by diurnal members of 
nocturnal groups, 250, mimetic like- 
ness attained in various ways by, 251, 
252, 255, 256, 257 n I, 261, 262, 
mimicry in, independent of affinity, 
237, mimicry m Lepidoptera parallel 
with that in, 236, 237 ; hardness as 
a special protection in, 360; head 
of shrew-like animal resem&led by, 
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dential Address (1870), i ; Prof. 
Rolleston's Presldestial Address 
to Zoological Section ( 1 870), i ; Dis- 
cussion on Acquired Characters 
at Zoological Section (1887), 148 
n. I, 155 n. 1 ; Discussion, on Ac- 
quired Characters at Zdological 
Section (1889), 164 n. i ; Author’s 
pYenmg Lecture on Mimicry 
(1890), the foundation of Essay X,29T 
365, 370, 376 ; Sir Archibald GeikieT 
Presidential Address (1892), 16 
19, Lord Salisbury’s Presidential 
Address (1894), 2-4, 9, 10 , Author’s 
Presidential Address to Zoologi 
cal Section (1896), the original form 
ofEssayl, I, Prof Adam Sedgwick’ 
Presidential Address to Zoo 
logical Section (1899), 144 n. i 
Discussion of Fertilization at 
Zoological Section (1903), 60 n 3 
Prof A C Seward’s Ih’eaidential 
Address to Botanical Section 
(1903), 44; Prof. J B. Farmer’s 
Presidential Address to Botanical 
Section (1907), \liv-xlvi 
British Guiana, 259, 272, 273, 322 

332, 350 

British beetle (Cly/us)y moths 
{Trochtlium, Haemorrhagia)y and 
caterpillar {Euthelia) mimicking 
wasp, 230, 238, 251, 252, 348, 363, 
365, 366 , bug larva [Nabis) mimick- 
ing ant, 257 n i , caterpillar [Choero- 
campa) mimicking cobra-like snake, 
3I9» 367, 367 n 2, 368, 376, cater- 
pillar [Endromis] mimicking saw fly 
( j) larva, 238, 239, 239 n i , 
caterpillar {Stauropus) mimicking 
ant and bug, 253,253 (Fig 2), 254, 
369 ; fly ( Volucella) mimicking hum- 
ble-bees, 221, 378, and {Eristalis) 
bee, 243, 244, moths and butterflies, 
choice of resting sites and procryptic 
attitudes of, 156, 301 ; insects, slow 
adjustable Protective Resemblance 
m, 306, 307 , northern moths, dark- 
ening of, 308--10; moths, seasonal 
dimorphism of, 31 1 ; crabs, allocryp- 
tic defence of, 3 13, 3 14 ; hermit crabs 
carrying sea-anemones and sponges, 
356, 357 ; hawk moths, &c,, attain- 
ment of transparency by, 365, 366. 

Bntish species referred to: — aglaia, 

A , 152 ; aim. A., 319 ; apiforme, T , 

365 ; archippus (plexippus). A,, 274, 
364; anetis, C., 238, 251, 252, 348, 


363 ; bee, 243, 244 ; bee orchis, 64, 
92; bembcciforme(crabroniforme),T , 
366; bemhardus, P., 356; betularia, 
A., 143, 309; bidentata, 0 ., 306, 
bifida, D., 158, 159; bombyliformis, 
H., 365 ; brambles, 47 ; brassicae, P , 
147, 148; C-album, G, 203-5, 

cardui, P., 85 , Catocala, 303, 325 , 
coarctata, H., 314, cowslip, xxviii, 
47, 63 ; crabroniforme (bembeci- 
forme), T., 366, enstatus, T., 130, 
cuanensis, P , 357 , cuckoo, 317, 31S , 
cuspis, A , 87 n. I , edusa, C., 301 , 
elpenor, C., 319, 367, 367 n. 2, 368 , 
Eristalis, 243, 244, fagi, S., 253, 253 
(Fig. 2), 254, 369, fuciformis, H , 365 , 
hare, Alpine, 310, 313, heath butter- 
flies, 210 , humble-bees, 221, 251, 365, 
378 , illunaria, 8,311; jacobaeae, E , 
230, 318,319, lamarckiana,0.,xix- 
XXII, XXXV n. I , lativcntns, N ,257 n i, 
leucophaearia, H., 156, meadow 
brown butterfly, 210; megaloceph- 
ala. A, 131, mendica, S, 324, 
misseltoe, xix, neustria, M, 157, 
nigra, P, 158, obscurata, G, 307, 
308, ocellatus, S, 314, 314 n 2, 
oxlip,Bardfield,x\viii ,o\lip, common, 
xwiii , palliata, A, 357, palumbus, 
C, 83, 84, pamphilus, C., 210, 
parasitica, S., 357 ; pha^angium. S , 
313 , phlaeas, P., 87 n. i ; piscatorms, 
L, 378 , plexippus (archippus), A , 
274 j 364, populeti, T., 157 n. i, 
prasinana, H., 149, prideauxii, P, 
357 ; primrose, xxvii-xxxiv, 47, 63 , 
pronuba, 7,3140 2 , psi, A., 8701, 
quercifolia, G , 299, 307 ; quercinarin, 
E, 149, 150; rabbit, 93, 357, 35 ^ > 
rapae, P., 93, 147, 301 ; red deer, 357 , 
ringlet butterflies, 210 , Rock pigeon, 
84, rubi, T., 301 , sambucaria, U , 

1 50, 1500.2, septentrionalis, C , 239, 
320, sphex, 161 , starling, 157 n. i , 
strigosa, A., 87 n. i ; sulcirostns, C , 
307, tremula, P., 1570 l, tridens, 
A., 87 n. I ; typhle, S , 299 ; urticae, 

S , 324 ; urticae, V., 306 ; verbasci, C , 
318, 319; Verbascum, 78, 79; versi- 
color, E., 238, 239, 239 n. I ; vmula, 

D , 159, Volucella, 221, 378; white 
admiral, 342 ; woodpecker, xi\ , 
Zonosoma (Ephyra), 150; Zostera, 
299. 

British (Natural History) Museurn, 
Microhttrax in, 290 ; A. H. Thayer s 
model in, 299; Palaearctic localities 
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of H. misippus^ and Athyma and 
LitnemtU mimics of male m, 382. 

Bnttany, G. A Boulcngcr’s study 
of 0 . latnarcktana in, xxi. 

Brongniart, Charles, on fossil in 
sects of Commentry, 35-8; on the 
evolution of insects’ wings, 37 ; on the 
life-history of carboniferous insects 

37. 

Browning, Robert, 1 55 
Brunner von Wattenwyl, 
Hyper TELY of, X 302, 303 
Brunner von Wattenwyl on ant- 
like Locustid, 256, 257, 257 n i, 258 
(F.g 5 ) 

Buikanga assinnliSy 283, 284 
Buckler, W , figure of A. aglaia 
pupa by, 152 

Buds and flowers resembled by 
Flatidae^ 304, 304 n 3 
Buflfon on direct effect of condi- 
tions, 75 , on origin of colours of 
human races, and effect of latitude, 

176, 177 

Bugs, see Hemiptera 
Bull sterile uith one particular 
heifer, 79 

Bull-dog, origin of, 83 n 2 

Bull. Mu8 Comp Zool Harvard, 

234, 277 

Bull Soo Ent Fr , 381, 382 
Bullidae*originate in Trias, 42 
Bumble-bees, see humble-bees 
Burchell, Francis A , discovery of 
letters of W J Burchell by, 49 n 3 
Burchell, W J , letters of, 49, 49 
n 3 , isolation of, 49, 50 , Brazilian 
and South African butterflies of, 53, 

53 n I , possible change since 1825- 
7 indicated by specimens of L halui 
captured by, 356 
Burma, 286-92, 373 
Bum, G. H ydorippus, f ofZ chrys- 
captured in Natal by, 71 n i 
Burr, Malcolm, on Rhodesian ant- 
like Locustid, 257 n i. 

Bush kingfisher capturing butter- 
flies, 283. 

Butler, A. G, on dorippus^ f. of 
L. chrpippus, in India, 70 n. 2. 

Butler, Samuel, on Natural Selec- 
tion, 105 

Butterflies, L de Nic6\ille, 292. 
Butterflies, points in the 
Resemblance to Dead Leaves 
OF, VI L 20j-d: see also 206-8, 289, 
299-302,310,311,322, 35 L 353 - 


Butterflies, some Seasonal 
Changes of, VII. 206-11 : see also 
Seasonal. 

Butterflies, new Interpreta- 
tion OF AN OLD EXAMPLE OF 
Mimicry in, VIL 211-18. 

Butterflies and Moths, 
chiefly Oriental, Illustrating 
Mimicry, X 370-376. 

Butterflies (see also Lepidoptert, 
Acraetnae, DatiatnaCy Elymnttnae^ 
Erycinidae^ Helitontnae^ Ithomtinaey 
Lycaenuiaey Morphinae, Nymph- 
alinae, PapiliontntUy Ptertnae, 
Satynnae' see also classification of 
examplesofmimicry, 383-9) seasonal 
changes m, see seasonaJ ; attacks 
by birds on, see birds , pigments of, 
more stable than those of moths, xlv 
see also 53 , recent immigration into 
Natal of species of, 52 n. i , changes of 
form or distribution, in about eighty 
years of, 530 i, 356, preferential 
mating of, 85-8 , importance of re- 
cording captures tn coitu of, 87 , 
resemblance to leaves of, 203-8, 289, 
299» 300, 300 n i, 301, 310, 311, 
322, 351, 353, Boisduval on resem- 
blance between W African, 22 1 , too 
exclusive study of mimicry in, 229, 
272, 273, mimicry of, by moths fre- 
quently M ullenan ,231,232; fewness 
of patterns in protected groups of, 234, 
277 , mimicry in, independent of 
affinity, 229-37, 345 , moths which 
mimic are day-flying, 249, 250, 275, 
276, 372, 376 , evidence of special 
defence of, required, 268 , the chief 
mimetic combinations of, in Guiana, 
272, 273, 322, 331-3, 350, Vene- 
zuela, 273, 350, S.E Brazil, 273, 350, 
351, 356, Ega, Upper Amazon, 273, 

351 , Ecuador, Bolivia, and Peru, 
351 , females chiefly mimetic, 215- 
17; 244-7, 279, 347 , 353 , 372, 
373-4 , characteristics of distasteful 
CTOups of, 279 , evidence of distaste- 
fulness in models, 269, 279, 279 n I, 
316,317 , migration of, in Ceylon, 285 ; 
in Burma, 289 , crowds of, on damp 
sand, 287; evidence of adv^tage con- 
ferred by cryptic defence of, 288, 289 ; 
wings of, in nest of MicrohteraXy 290, 
291, 291 n. I , reduction of shadow by 
attitude, 300, 300 n. 5, 301 sec also 
289 ; daylight hours in relation to 
cryptic colours and instincts of, 303 ; 
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mutual approach between model and 
mimic in, 344, 345, 

Byatt, H. A , on // tntstppus and 
Its model, 216 n. i. 

Byblia {Hypams) ackelota {got- 
ztus), 87 ; — got silts, 341 , — 

ihthyta, 341. 


» Caduga, the model of E. lais upper 
side, 353. 

Caduga tytia, 37 1. 
caffer, Coccystes, Papilto demodo- 
cus found in stomach of, 283 

C-album,Polygonia{Grapta)yot2<Vi' 
ingof ‘ comma ’ of, 203-5. 
Calcispongiae m the Palaeozoic, 28 
Callamesia of the Chalcosiinae 
{Zygaenidae), Mullerian mimics of 
Euploetnae, 372, 376. 

Callainesia mtdama, 372, 376 
Calhchromtnae, mimicry of Hy- 
menoptera by, 252 
Callioratis be Hat nr, 284 
cama, Athywa {Pantopon a), pro- 
bable ancestor of A. punctata, 382, 
Oriental localities of, 382 
Cambrian, origin of Vertebrates m 
pre-Cambnan or, xliii, 26, 30, 31 , life 
long antecedent to, 6, thickness of 
deposits from, 16 Coelomate phyla 
in, 30, specialized fonns in, 30, 31 , 
Crustacea of the, 39, 40 ; dominance 
of Tnlobites in, 39, Ostracodcs in, 
39, Mollusca in, 4C42, Gastropoda 
in, 42 , Cephalopoda in, 42 , Echino- 
derma in, 43 


Cameroon s, type f of Z chrysippus 
occurs very rarely in, 321 n. i 
Campbellpore, donppus f of L 



Prichard a member of, 173 
Cambridge Zoological Museum, 


A. H Thayer's model in, 299 
Canada, 270, 274. 

Canara, donppus f. of L. chrysip- 
pus rare in, 70 n. 2. 

Canthandae mimicking Lycidiu, 
276. 

Cape, L. chrysippus at, 88. 

Cape Town Museum, 87 
caph^raeform is, A sadiophilus, 

living in an Ascidian case, 357. 

Carboniferous, size of dragon-fly of 
the, 18 , Forammifera of, 27 j sponges 
of, 283 Mynapoda of, 34 ; insects of 


upper, 35-8; Arachnida of, 40, 
Pedipaipi of, 40; scorpions of, 40, 
spiders of, 40 ; land-plants of lower, 

44. 

cardut, Pyrameis, wide range and 
great uniformity of, 85 
carinata, Echis, swishing sound 
made by, 324 

Carnegie Institution of Wash 
ington, XIX n. 5, xxii 
Carnivora, aggressive resemblances 
of, 312, 313. 

Carpenter, P. phlaeas bred by, 87 
n I 

Carrier and tumbler pigeons, fertile 
progeny of, 78. 

Cams, V ictor, letter from C. Darvv in 
to, xl n 3 

Castniidae mimicking Ithonmnac, 
243, 264, method of attaining trans- 
parency in, 266 

castor, Papilio, male of mimics 
Pap chaon, female mimics Crastia 
coie, 372 

Castration, effect of, upon secondary 
sexual characters, 122, 380. 

Catalogue of the Leech Collec- 
tion, K. South, 382. 

Caterpillars (for other than Lepi- 
dopterous larvae see laivae see also 
larval stage) reasons for passive 
defence of, 1 56. ** 0 

— Procryptic adaptations of - 
variable protecti\e resemblance in, 
152-4, value of slow'colour adjust- 
ment to, 305 , colour adjustment to 
various backgrounds, including lichen- 
covered bark, 306, 307 , gregarious 
habits in concealment of, 304 , value 
of dimorphism in, 310, movements 
essential to cryptic defence of certain, 

318, 323 , value of ‘ sham death ’ in 
concealment of, 323 

— Transition between procryptR 
and aposematic defence in —double 
protection of C verbasci, ‘llZ , tran- 
sition from cryptic to aposematic 
defence caused by movements of, 

319, 320 

— Aposematic adaptations of — 
value of ‘ sham death ^ in aposematic 
defence of, 323, 324, gregarious habits 
of certain aposematic, 323 ; move- 
ments essential to aposematic defence 
of certain, 319, 323, 324 ; value of 
‘ tussocks ’ of, 325, 326. 

— Mimetic adaptations of (see also 
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classification of examples of mimic- 
ry) 3^9, 391).— head of ant mimicked 
by tail of, 254, 368 ; clear examples of 
Batesian mimicry afforded by, 376; 
movements essential to mimetic 
resemblance of certain, 238, 239, 
239 n- I. 253 (Fig. 2), 254, 319,368 
— Struggle for existence in — dan- 
ger of experience to, 1 1 7, 1 1 8, 1 5 5-60 , 
stored up in cells of Fossores, liS, 

1 19, ganglia of, stung by Ammo- 
philtty 16^4 , starlings attacking 
T populeti^ 157 n i , cryptic larvae 
preferred to butterflies and moths by 
lizards, 286, cuckoo devouring apo- 
sematic, 317, 318 

Catocala, value of bright hind wings 
303 - 4 ) 325 

Catophaga, captured by bee-eaters, 
285 

Latopsiha^ migration of, in Burma, 
289, persistently captured by J/iV(ps 
phtli^inus and king-crows, 289 
Caiopsilia plorella, 283 
Cats, Angora, J C Prichard on, 
1S7 

Cattle, J. C Prichard on the pro- 
duction of breeds of, by selection, 
186 

Cattle and horses of plains and 
mountains compared by J C Prichard, 
1891 • 

Caudal shield of .S pgi larva re- 
sembles bug, 369 

Ldudata, Elymnta<;, female of, 
mimics S. plextppus {genutia), and 
male incipient mimic of same model, 
373 

caudius, Papdio, V\ C Hewitson 
on, 57 n I 

(auni/s, Paptlto, wing of, in nest of 
Microhttf ax, 291 

cebfefte, Jiinonia, captured by Hal- 
cyon chelicutensis, 283 

Cell-divjsions equivalentor differen- 
tiating, 133, 135. 

Cell-republics of the higher animals, 
120, 121 

Cells, division of labour among, 

121 

Celtic, shown by j. C. Prichard to 
be an Aryan language, 173 
cenea,?i female f of three E, and S E 
sub-sp {polytrephus, tibullus, cenea) 
of Paptlto aardanus (q v.), 72, 72 n. i, 

337. 33«, 355. 374, 375. 

tenea, the S. and S E. sub-sp. of 


Papilio dardanus [merope), 355, 374, 
375 • see also dardanus. 

Centipedes, 27. 

Centrifugal or inherent characters, 
III, 123, 142; see also inherent 
characters 

Centripetal or acquired characters, 
110,111, 123, 142. see also acquired 
characters. 

Cephalopoda appear in Cambnaft, 
42 , evolution m, 42 , rapid colour 
adjustment in, 305 ; colour adjust- 
ment of, both aggressive and protec- 
tive, 313. 

cephaloies, A it a {Oetodoma), 

mimicked w'lth its leaf by Membracid 
larva, 259, 259 (Fig. 7), 260, 280, 377 
Cephonodes hylas, 365. 

Ctf alias btsptnosus, 378 , — uran0‘ 
HOpus, 378 

Cer.itophoia, place in classification 
of, 33. 

Ctratophyys conuta, 3 13 
Letcospora, attacking leaves, 205 

n I 

Cctia, method of attainment of 
mimicry by, 2S0 

tefotomii, mimicked by Lema, 237 
ca yyjc, Pjtcn, dry f bred from wet 
(1905), 34011 I, under side far more 
conspicuous in wet than dry season, 
340, S African habitat of, 340 
Ceylon, 70, 70 n 2, 71, 285, 286, 
349 

Chaetopoda, relation to ancestry of 
Appendiculata and Arthropoda of, 

27, 33 ) 41 

Ch.ifei, posterior end of, mimicking 
shrew-hke mammal, 368 

LhahostiJiae (Zygaemdae), highly- 
protected diurnal moths, mimicking 
Danamae and Paptlwninae, 231 , 
Danatnae and Pierviae, 275 , 
Danamae, 362 , huploeini, 372, 376 , 
Agaristid moths, 275 , mimicry of 
Mullerian, 231, 232, 362, 372, 376 
Chalk, procryptic colouring of 
G obscurata on, 307, 308 
Challenger, investigations on 
ocean basins of, 20-2. 

Chiimaeleo pumilus, adjustable 
neutralization of shadow m, 300, 313 
Chameleon, rapid colour adjust- 
ment in, 305 , aggressive resem- 
blance of, 313 

Change Possible in Mullerian 
Mimic since 1825, X. 356. 
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Changes Seasonal in the 
Individual, X. 310. 

Changes in mode of defence at 
different stages of life-history, 319. 

ckaon^ PapihOy mimicked by male 
of Pap castor, 372. 

Chapman, T. A., on evidence of 
preferential mating, 87 n. i ; on 
choice of resting-sites by butterflies, 
301. 

Charaxes, value of 'tails’ of hind 
wings of, 281, 282 ; wing of, in nest 
of Microhierax, 291. 

Charaxes athamas, 288, — psaphon, 
286 ; — schiibert, 292 
Charles Darwin and the Theory 
of Natural Seleotlon, E B Poulton, 
83 n I, 162 n. 2, 219, 225, 233 n i, 
272 n I 

chelicutensis, Halcyon, capturing 
Junonia cebrene and Catopsiha 
jiorella, 283 

Chief Characteristics of 
Mimetic Resemblance and 
Attempt to Explain their 
Evolution, X. 362, 363 see also 
Essay VIII, 220-70 
China, 88, 217, 333, 382 
cktnensis, Esttgmena, mimicked 
by Estigmemda variabihs, 261 
Chinese goose fertile with 
Common, 83 

Chincahua Mountains, Arizona, 
examples of mimicry from, 231 
Chiton, in early Palaeozoic, 30, 42 , 
an ancestral form, 42 
Chlorophyll derived from food, use 
of by insects, 314, by larva of T 
pronuba, 3140 2, psissing through 
egg into larva of next generation, 
314 n. 2 

Choerocampa, snake-like Bornean 
species of, 367 n 2 ; terror inspired 
by snake-like African species of, and 
the British C. elpenor, 367 n 2 
Choerocampa elpenor, 319, 326, 
367, 367 n. 2, 368, 376 
Choice of Appropriate Sur- 
faces FOR resting on, X. 30I. 
Chrysalis, see pupa 
chrystppus, Limnas, forms of, with 
theirgeographical distribution .—dis- 
tribution of dortppus and type forms 
of, 70, 71 ; peculiarity of far eastern 
forms of, 88 ; ‘ Syngamic chain ’ 
probably formed by, 88, 89 ; type f 
of ancestral, 321 n. i ; type f. of, very 


rare in Camaroons as compared with 
alcippus f., 321 n. I ; geographical 
transition from aposematic to cryptic 
defence of, 320, 321 ; desert form of, 
321 ; two of three forms of sharply 
marked oflf, 364 ; corresponding 
forms of mimics transitional into 
one another, 364, 365 n i 
— Mimics of —as model for mimi- 
cry, 215; Mullerian mimicry of by 
Aletis helctta and its mimics, 233, 
Natal mimics of with model, in Hope 
Department, 249 , a dominant model 
in E Africa, 336 ; preferring station 
different from that of certain of its 
African mimics, 349; mimicked by 
one f. of female A esebna, 354, 355 , 
advantage of resemblance to, as well 
as to Amauris, 355 , three forms of, 
mimicked respectively by three 
forms of A. emedon, 355, 364, 365, 
365 n i , also by three forms of 
female // 7 nisippus, 355, 364, 365, 
365 n 1,372, alappus f of, shown 
by mimics to be only recently domi- 
nant in \V Afnca, 364, shown by 
mimicry to be ancient inhabitant of 
Africa, but a recent intruder into 
Oriental Region, 364 , mimicked by 
trophonius, female f of four sub- 
species of Papilto dardanus, 374 
Church Quarterly ' Bevi>3w, 

56 n 3 

Cicada, wings of, in nest of Micro- 
hierax, 291 n l. 

Cinnabar moth, 230 ; larva of, 

318. 

Circumcision, results of, not here- 
ditary in spite of antiquity, 182 
Cirrhipedes, continuity the diffi- 
culty in Darwin’s systematic work 
on, XV, 59, 60, 67 , in Silurian, 39 
Classification of animals, 25 , of 
bionomic uses of animal colours, 
226, of examples of mimicry, 383-93 
Claws of Crustacea, Lamarckism 
and, 1 13, 1 14 , value of the power of 
throwing off, 113, 114,325 , pseudepi- 
sematic or alluring use by Hyas of, 

314. 

' Clearwings ’, transparency ot 
scales in, 366. 

Cleavage, position of future embryo 
and planes of, 130. 

cleodora, Eronia, captured by fly- 
catcher, 283 ; choice of resting-site 
by, 301. 
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CUonus sulcirostris^ 307. 

Climate (see also external 
causes) J C. Prichard on adaptation 
of human races to, 191 ; an ex- 
planation why human races may not 
be changed by, 192 ; on the influence 
of, 187-92 , hypothesis that mimicry 
IS caused by food, &c , and, 224 , 
influence of, on attacks of birds on 
butterflies, 286 

Close, Rev M H , on the age of 
the earth, 12 n i 

Clyttnae^ as mimics of Hymeno- 
ptera, 238, 251, 252, 348, 363, as 
models for other Longicorns in 
Ilorneo and Ceylon, 348, 349 
Clytus arietis^ 238, 251, 252, 348, 
363 

Coal, insects of 35-8 
coarctata^ Hyas, combined allo- 
procryptic, allanficryptic, and 
pscudepisematic colouring of, 314 
Cobra, cryptic and aposematic 
defence of, 324 , intimidating attitude 
of, 324, 323 ; advantage of intimida- 
tion of, 324, 325 

Cobra-like and other snakes 
mimicked by caterpillars, 319, 326, 
367, 367 n 2, j68, 376 
i otcystes tnffer^ 283 
Cockroaches, in early Palaeozoic, 
30' of Commcntry Carboniferous, 

36, 37 

Cocoon, Instinct of form- 
ing, V 157-60 

Cocoon, formed prior to experience, 
and Lamarckian interpretation there- 
fore excluded, 117, 118, 157-60, 164, 
1640 2, probably reasons for decline 
of, 148 , advantage of decline of, 148, 
149 , cryptic colouring of, in times of 
stress, 148, colour adjustment of, in 
/{alias prasinana, 149 , concealed 
on bark, 158, 159 
Coelentera, in relation to classifica- 
tion and evolution, 25, 26, 28, 30, 31 
Coelomata, in relation to classifica- 
tion and evolution, 25-8, 30, 31, 41, 

43 

Coenonympha pamphtlus^ 210 
(.oerulescens, Mitrohierax, captur- 
ing Papilio sarpedon, 290 , butter- 
flies’ wings, &c , in nests of, 290, 291 
Co-Existence of Palatable 
Food implied by Aposematic 
Defence, X 317. 

Coincidence between colours 


AND Environment probably 
CAUSED BY Local Natural Selec- 
tion, X. 307, 308 : see also 308, 309, 
309 n. I, 310 n. I. 

Colaents^ ‘stink glands’ of, 334 n. 2. 
Colaents telesipkey 334 n. 2 
Cold, see external causes , effect of, 
on Hudson’s Bay Lemming, 310. 
Coleoptera, see beetles. 

Colias cdusa, 30 1 • 

Coloration marquante et 
Tachea ocell^es, 1897, C Portschin- 
ski, 254, 369 

Colour adjustment, see Adjustable 
Protective Resemblance 
Colour, danger of inferring discon- 
tinuity from changes in, xvii 
Colours of animals classified, 226 ; 
sexual selection of bnght, 379 
Coloura of Animals, E B. Poul- 
ton, 4, 150 n 2, 210, 223, 226, 281, 
326, 344, 3670 2 
Colours of Animals I, Bionom- 
ics, Encycl Brit , E B Poulton, 

293 

CoiOUKS PROBABLY ADJUSTED 

ro Lnvironmeni by Local 
Naiural Seleciion, X 307,308 
see also 308, 309, 309 n i, 310, 
310 n. I 

Colours, Value of Bright, 
Concealed during Rest, X 303, 
304 see also 325 
Columba palwnbus, 83, 84 
Comb-making instinct, 164 
Combination of procryptic and 
mimetic colounng, chief examples of, 
in butterflies {Protogomus and Elym- 
niwae)^ 350-4 see also 324, 368 
‘Combination’ or ‘association', 
use of, contrasted with ‘group’, 293 
Comma butterfly, 203-5 
Commcntry, fossil insects of, 

35-8 

Common goose fertile with 
Chinese, 83 

Common or Svncryptic Pro- 
tective Resemblance, X 312. 
see also 359. 

Common Warning Colours, 
Natural Selection the Cause 
of Mimicry and (Theories of 
MlMlCRY),Essay VIII, 220-70. See 
also Essay IX, Mimicry and 
Natural Selection, 271-92 
Common Warning or Synapo- 
sematic Colours (MBllerian 
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Mimicry), X. 327-56. See Mimicry 
MuJIenan. For sections and sub^ 
sections of this heading see pp. 295, 
296 

Comoro, see Grand Comoro, 373 
Complete Immunity not im- 
plied BY Warning Colours, 
X. 317,318. 

Composite mimicry of two models, 

3158, 369. 

Composite nature of Mimicry, 
240-2. 

Concealment, aposematic forms 
protected in time of stress by, 317, 
320. 

Concealment Assisted by 
Gregarious Habit, X 304 
Conception, J C. Prichard on 
effect of imagination at the moment 
of, 186 

Conclusions on Natural 
Selection as the Cause of 
Mimicry, &c , VIII. 267-70 
Conclusions supporting Mullerian 
Mimicry, 346, 347 
Conditions chiefly deter- 
mined BY Habits and Life- 
history, VIII 243,244 
Conditions, see environment, 
external causes, and uniformity 
Conductivity in interior of earth, 
10-13 , and radium, 1502 
Conepaius vtapuf tfo, 315 
Confirmation of History In- 
ferred from Mimicry, X 365,366 
con/usa, Methona^ mimics of, 264- 
6 , method of attaining transparency 
m, 265 , Ecuador form of, 265, 266 
Congenital, see inherent charac- 
ters, 141. 

Congo, type f of L (.hryslpp^ls at 
Luebo on S. branch of, 321 n i. 

Coniferae related to Cordaiteae, 

45 

‘ Connate varieties of structure 
are apt to re-appear in . . offspring ’, 

J. C. Prichard (1826), 179 
Connate, see inherent characters 
Conspicuousness imputed to 
Animals Criticized by Thayer, 

X. 321-3. 

Conspicuousness only not the aim 
of nature, 321, 322, danger of un- 
necessary, 322 ; relative use of term, 
322. 

Constitutional, see inherent 
characters, 141. 


Constricting serpent, aggressive 
resemblance of, 312. 

Contemporary Review, 161. 

Contents, Essay X. 293-7. 
Continental Areas, Mimeiic 
Species on, with Non-Mimetic 
Ancestor in Island, X 373-6 
Continental areas, stability of, 21. 
Continuity and Discontinuity 
defined, xiv, 

Continuity of the germ-plasm, dia- 
gram of, described, 127-8, 130-1 , 
heredity and, 127-36 , blastogenic or 
inherent characters and, 127; soma- 
togenic or acquired characters and, 
127, 131, 132 ; relation between 
transmission of acquired characters 
and, illustrated in Diagram II, 13 1, 
132 

Continuity the systematist’s diffi- 
culty, XV 

Continuous or Discontinuous 
Evolution, Introd , xiv-xvi 
Continuous evolution cannot bo 
claimed as Mutation, wwiii, wxviii 
n I, xx\ix. 

Contributions to an Insect 
Fauna of the Amazon Valley, 

H W Pates, 220 
Conularia in Palaeozoic, 42 
Conviction, the basis of scientiik., 
201, 202 ** 

Cooling of the earth, 9-13 
Cope, E D,, on Natural Selection 
not creative, xxii , on Qrigin of fittest, 
109 

Coral, protective resemblance to, 
359 

Corals, place in classification of, 

25 , slow evolution m, 28 
Cordaiteae, a group of Palaeozon 
Gymnosperms, 45 , comparable to 
Coniferae, 45 

captured Art(V}iu\ 
fuscus, 286 , mimicked by female of 
H tolina, 372 , mimicked by female 
of Pap. castor by both sexes of its 
S. representative, Pap dravida? un, 

372. 

cortnneus, ' Papilio, evidence of 
capture by swallow of, 284. 

Cork, Prof. J B. Farmer on utility 
as no explanation of, xlv, xlvi 
cornuta, Ceratophrys, allanticryptic 
resemblance of, 313. 

Correns, rediscovery of Mendel s 
principle by, xxix ; on limitation of 
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Mendel’s principle to crosses between 
varieties, xxxv n. 2. 

Corticata, no fossil records of, 25 
Cosmos, facts of the, consistent 
with gravitation, xxvi, 271. 

cotioniSj Ely 7 nmas^ non-mimetic or 
with general likeness to a Euploea^ 
373, 373 n 2 

Courthope, VV. J., parody of 
Darwinism by, 103-4 
Courtship, Colours Displayed 
IN, X. 379, 380 , see also 226 
Courtship, for colours, dc , dis- 
played in, see Epigamic Characters 
and Sexual Selection. 

Cowslip, C. Darwin on specific 
distinctness of, xxviii, 47, 63 
crabromforme ( bembectfonne), 
Trochthum [Scsia)^ nature of scales 
lost by, 366 

Crabs throwing off claws, 1 13, 114 , 
value of amputated claws of certain 
species, 325 ; alJoprocryptic, &c, 
defence of, 313, 314, sea-anemones, 
sponges, and Ascidians carried by 
hermit-crabs, 356, 357 , sea- 

anemones by crabs, 357 
Oastia Loye, 286, 372 
Creation, Linnaeus’s views on, 54- 
9, St Augustine’s views on, 55. 

Creation special, a theological 
dogma, 56^ 57 , influence of Milton 
on belief in, 55, 56. 

Creative power of Natural Selec- 
tion, XXlll. 

Crems rosa, 52 n l 
Cnnoids in early Palaeozoic, 30 
cristatus, Tnion {Molge), Herlitz- 
ka's experiments on egg of, 130 
Criticism by Thayer of Con- 
spicuousness IMPUTED 10 Ani- 
mals, X 321-3 

Croesus septetiinonaliSy 239, 320. 
Crosa and Self-Fertlllaatlon In 
the Vegetable Kingdom, Charles 
Darwin, 92 

Cross-Fertilization, Asyn- 
GAMY caused BY ADAPTATIONS 
FOR, II 90, 91 see also 6$. 

Cross-Fertilization, possible bene- 
fits of, 93-4 

Cross-Fertilization, the In- 
jurious Effects OF Self-Fertil- 
ization the Consequence and 
NOT THE Cause of Adaptations 
FOR, II. 91 4. 

CrotaluSy rattle of, 324^ 


cruciata^ Oenothera^ hybnd be- 
tween O. lamarckiana and, does not 
follow Mendehan principle, xxxv n. i. 

Crustacea m classification, 27, 33 ; 
in Cambrian, 39 : see also 30 ; experi- 
ments on Artemta^ 73, 74; rapid 
colour adjustment in, 305 ; aggressive 
resemblance of, 313 ; alJoprocryptic 
resemblance of, 313 ; allanticryptic, 
&c., resemblance of, 314 , allap«- 
sematic defence of, 356, 357. 

Cryptic Colouring, Protec- 
tive and Aggressive Resem- 
blances Procryptic and Anti- 
cryptic Colours, X. 297-315. For 
sections, sub-sections, dx , of, see 
Contents, pp. 293, 294 
Cryptic colours (see also Protec- 
tive Resemblance and Aggressive 
Resemblance) . place of m a scheme 
of the bionomic uses of colour, 226 , 
defined, 297. 

cuanetisiSy Pagurus, carrying 
brightly-coloured sponge, 357 
Cuban swine, J C. Prichard on, 
187. 

Cuckoo, indifference to unpalata- 
bility of, 317, 318, mimicking ag- 
gressive birds, 367 
Cuckoo (C Liiffey)^ butterfly found 
in stomach of, 283. 

Cucullia verbaset, 318, 319 
cupuUfer^ Polydecius, carrying sea- 
anemones, 357. 

CurLultomdae (see also classifica- 
tion of examples of mimicry, 390-1) : 
colour adjustment probable in 
Cleoyws, 307 ; conspicuousness of 
certain large African, 370 , hardness 
as the defence of, 261, 369, 370. 

curculwfiotdes, Doliops^ mimicking 
w'eevil, 261. 

Curiosity the only true incentive 
to inquiry, xliv, xlvii, xlviii. 

cuspiSf Acronyctiiy Dr. T. A. 
Chapman on, 87 n. i. 

Cuttlefish, rapid colour adjustment 
in, 305 , colour adjustment of, both 
aggressive and protective, 313 
Cuvier, W, Whewell on, xlvi n i ; 
on species, 56 

Cycadophyta, relation to Angio- 
s perms of, 45, 

Cyclops^ early appearance of germ- 
antecedent m, 1 3 1. 

CyresiiSf captured by Merops 
swtnhoeij 2874 
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Cy resits thyodamas^ 288 

Cystoids, in early Palaeozoic, 30. 

Cythere, persistence through geo- 
logical time of, 39. 

D 

Damp, elfect on Teracolus and 
Belenots of, 31 1, 312 

Danainae (see also Danatm, 
L^nais, and Euploeini ; see also 
classification of examples of mimicry, 
383-9) Lycorea and Ituna, in- 
cluded m Jthomitnae by Bates, belong 
to, 327 , absence of ' eye-spots ’ in, 
326 , unpleasant scent in African, 
316 , Indian proved to be unpalatable, 
269; uniformity throughout many 
species of, 277 , as models paralleled 
by Diabrotica, 236 , always tend to 
be mimicked, 233 , the chief distaste- 
ful group of the Old World, 333-5 ; 
as primary models in Africa, 345 , 
as models and mimics (viz genera 
Lycorea and Ituna) everywhere in 
tropical America, 273, 356 ; probably 
not more unpalatable than a far 
rarer Chalcosid mimic, 362 , as 
mimics of Jthomitnae, 264, 265 ; 
method of attaining transparency in, 
265 , darkening of mimetic in the 
Guianas, 272, 273 , Lycorea an out- 
lying member of a chief Ithomiine 
centred combination in E. Brazil, 
356 ; possible change in colour of 
since 1825-7, 356. see also 53 n i. 

Danatm (see also classification of 
examples of mimicry, 384-9) com- 
parison as models of two chief sub- 
groups the if and, 

333”5 ; range of Euploetnt compared 
with, 333, 334 , mutual mimetic in- 
fluence of Euploeini and Danatm 
compared, 334, 335 , flight of certain 
American species of, adapted to dis- 
play under surface, 323 , few in Africa, 
but much mimicked, 336 , the ch.ef 
models in E. Africa belonging to, 
336; probable meaning of male scent- 
brands of certain, 358 
Danats, species of, not attacked by 
bee-eaters, 28S 

Danaoid Heliconidae (see Itho- 
nttinae) of H. W. Bates include the 
Lthomtinae, together with the 
Danaine genera Ituna and Lycorea, 
327 - 

Dances of male Attid spiders, 380. 


Dangers of the dry season, 208-1 1 , 
of ‘eye-spots’ in dry season, 210, 21 1, 
326 

‘ Danger-signals advantage of 
resemblance between, 328 
Danisepa citoclehanus [rhadaman- 
thus), 373. 

DARDANUS (MEROPE), PaPILIO, 
Remarkable Example of 
Mimicry, X. 373-6. 

dardanus {merope), Paptho, 57, 
57 n I, 71, 72, 72 n. I, 337, 338, 
354 , 355 , 370, 371, 373 - 5 - 

— sub-sp I, antinorti, Abyssinia, 

373 , 374, 374 n i, 375 

— sub-sp 2, polytrophus, Kikuyu, 

374, 375 , female f. trimem, 374,374 
n. 2, 375 ; female f hipfocoon, 374, 374 
n. I , female f. trophomus, 374, 374 
n I , female f cenea, 374 , female f 
planemotdes, 374 

-- sub-sp 3, merope. Western, 374 , 
female f.htppocoon, 57 n I, 338, 374, 
374 n I , female f. trophomus, 374, 
374 n I , female f. planemotdes, 338, 
374 , 374 n 3, 375 

— sub-sp t\,ttbullus,'E Coast, 337, 
33S, 374, 375 , female f trimem, 374, 
374 n 2,375, ftmd\tfhippocoon,338^ 
374, 374 ^ J , female f, trophomus, 
374, 374 n. I , female f. cenea, 337, 338, 
374 

— sub-sp 5, cenea, S and S E , 72, 

72 n. I, 355, 374 , female f. hippocoon^ 
72, 72 n I, 374, 374 n. I , female f 
trophomus, 72, 72 n i, 374, 374 n i , 
female f. cenea, 72, 72 n i, 374 

— See also meriones, Papilio, 
Madagascar , humbloti, Papilio, 
Comoro I 

— Discovery by Trimenof mimetic 
females of, 57 , all three female fornix 
bred by G. F. Leigh from one ol 
them, 72 n. I . see also 72 ; three 
chief Daname models of E. Africa 
mimicked by female forms of, 337 , 
geographical replacement of models 
of at the V. Nyanza, and correspond- 
ing changes in mimetic female forms 
of dardanus, 337, 338 ; the great 
example of polymorphism in mimicry, 
354 , 355 I bri^ account of range and 
mimetic relationships of all sub- 
sp. of, 373-5 ; probable Mullerian 
mimicry of, 375 ; female forms of, and 
their models erroneously figured by 
Professor Weismann, 375, 37 ^ 
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Darkening of hind wing in Guiana 
mimetic butterflies, 272, 273, 331, 
332 

Darkening, Recent, of N. 
English Moths, X. 308, 309, 309 
n I, 310, 310 n I. 

Darwm, Charles (see also Descent 
of Man, &o., Different Forma of 
Flowers, Fiirther Letters of, Life 
and Letters of, Origin of Species, 
Variation under Domestication) : 
continuity the difficulty in the sys- 
tematic work of, XV ; on Mutation as 
expressed in the Vesiiges^ xviii,xix, on 
the creative power of Natural Selec- 
tion, xxin , Bateson’s and Gregory’s 
work on the primrose compared with 
that of, xxvii-xxxiv , researches upon 
heterostyled plants by, xxvii-xxix , 
on the value of the heterostyled con- 
dition, xxvii-xxix , the importance 
of minute variations assumed by, 
xxxix , individual differences con- 
sidered of far greater importance 
than large single variations by, xl, 
xl n 3, xli , letter to Wallace aban- 
doning evolution by large single 
variations, 3 , on pre-Cambrian time, 

5, 6, troubled by Lord Kelvin's views, 

6, II , on persistence of oceanic and 
continental areas, 21, 22, influence 
of, .upon biological reasoning, 32, 
33 , definition of species by, 46, 47 , 
on species and varieties, 47 , on piim- 
roseand cowslip as true species, xxviii, 
47, 63 , on constancy as a criterion of 
species, 47, 63 , natural selection as 
conceived by Wallace and, 48 , 
special value of letters of, 48 , life of 
Burchell compared with that of, 49, 
50, on theological aspect of species, 

56 , the joint essay (1858) of Wallace 
and, 58,95-7, 194-6 see also Darwin- 
Wallace theory , on various defini- 
tions of species, 59 , on evolution 
and systematic work, 59 , on subjec- 
tive side of systematic work, 59, 60, 
definition of ‘ close species ' by, 67 , 
on describing species, 67 , on sus- 
ceptibility to different conditions, 
73-4 , on effect of conditions on 
plants, 74, 75 , on interspecific 
sterility, 77-80, 201 , on sterility 
between selected races, 78-80 , 
suggestion to W. B. Tegetmeier by, 

79 ; on domestic animals derived 
from two or three species, 79 ; con- 


troversy on interspecific stcnlity 
between Wallace and, 80, 89 , on 
fertile pairing of two species of goose, 
83 ; on fertility promoted by domesti- 
cation, 83, 84; on sterility caused 
by asyngamy, 84 ; on preferential 
mating, 86, 87 ; on sterility not due to 
selection, 89; on heterostyled plants 
and interspecific sterility, 90, 91 ; on 
injurious effects of selfifertilization, 
92 , metaphor of tree by, 94 ; on 
origin of life, 95 ; on failure to under- 
stand Selection, 102 see also 96 ; 
term ‘Natural Selection’ proposed by, 
105 , on Selection a true cause, 109; 
theory of pangenesis of, 123-7; 
chief reason for adoption of pan- 
genesis by, 126 , unaware of the im- 
portant second edition of Prichard’s 
work, 175, 175 n i , views of, on 
formation of domestic breeds essen- 
tially similar to those of Prichard, 
186, 187; J C. Prichard as a remark- 
able predecessor of Wallace and, 1 92 ; 
on instincts of Fossorial Hymeno- 
ptera, 160, 161 , and of worker ants, 
165 , discovery of Natural Selection 
by, 193, 194, consults Lyell and 
Hooker about publication of Natural 
Selection (1858), 194; disappointed 
at reception of early geological 
writings (1844 or 1845), 196, 197 , 
on mimicry and affinity, 233, 
233 n I , on sexual selection as 
cause of mimicry, 225, 228, 272, 
272 n I , theory of sexual selection 
379 » sexual selection set forth in 
the joint essay (1858) by, 379. 

— Letters of, referred to in present 
work to H W Bates, 86; Victor 
Cams, xl n. 3 , Asa Gray, xxvi, 66, 
67, 68, 194 n I , J D Hooker, 59, 
60, 63, 67, 76, 84, 86 , T H Huxley, 

78, 79, 80, 82, 91, 126, 196, C Lyell, 

56, 75 » 83, 83 n 2 , R Meldola, 225, 
228, 233, 272 n I (although Meldola’s 
name is not mentioned in this foot- 
note) , Carl Semper, 74 ; W, B. 
Tegetmeier, 79, A. R. Wallace, xl n 
3, 3, 6 , from Hooker to, 74, 74 n 3 , 
from Huxley to, 4 n. 2, 196. 

Darwin, Erasmus, theory of evolu 
tion of, 98 , use of term ‘ acquired ’ by 
(1794), 140, 1 41 ; on effect of parental 
imagination on offspnng, 1 86. 

Darwin, Francis, on influence of 
Flemingjenkin upon Charles Darwin, 
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xl n. 3 ; on Charles Darwin's work on 
heterostyled plants, 90, 91 , on the 
Knight-Darwm Law, ^2 , J. C. 
Prichard as an evolutionist, con- 
sidered by A C, Seward and, 174 
n 2, 175 n. I 

Darwin, Sir George, on the life of 
the sun, 15 , on trunks of fossil trees, 
18, 19 

r Darwin-Wallace theory and the 
joint essay (1858), 95-7, 194-6 see 
also xxxvii n. 2, 48, 58, 200, 222, 379 
Darwinian Theory, see Natural 
Selection 

Darwinians and Mutationists, 
essential difference between, xxxvin. 
Darwinism, A R. Wallace, 92, 

93, 226, 362, 380 

Darwinism, parodies of, 102-4 
Davidson, note of, on nest of 
Mtcrohterax containing insects’ 
wings, 290, 291 

Davis, Dr. Maurice, J P., first 
perception ofsignificance of Prichard's 
writings on heredity by, 174 
Dawnat Range, Burma, 287 
Dawson, Sir William, on Eozoon, 
28. 

Day, change in length of, 7, 8 
Day-fiyingmoths mimicking butter- 
flies, 249, 250, 275, 276, 372, 376 
Daylight and cryptic colours, 
instincts, &c., 303 
Dead leaves of wet and dry 
seasons respectively resembled by 
seasonal phases of butterflies, 206, 

207, 3 iOf 31 1. 

Dead Leaves, points in the 
Resemblance Of Butterflies to, 
VII. 203-6. see also 206-8, 289, 
299, 300, 300 n. 5, 310, 31 1, 322, 
35G353 

Dead leaves, protective (procryptic) 
resemblance of moths to, 299, 302 , 
of Locustid to, 302. 

Deal, colour of Cleonus on sand- 
hills near, 307. 

Deccan, donppus i oi L. chry sip- 
pus unknown in, 70 n. 2. 

Deductive Biology, Sir W. 
Thiselton-Dyer, xlvii, xlvn n. i. 

Deep-sea fishes, phosphorescent 
lures of, 378. 

Deer, Red, recognition marking of, 

357 

Definition or Species by 
Duonosis, II. 65-8. 


Definition of ‘Acquired 
Characters V. 140-4 
Definition of instinct, 154 
Definition of Mimicry, 358-61. 
Definition of Mutation, xvii, 
xvii n 2. 

Degenerate scales of moths, great 
size of an element m the loss of, 366 
Degeneration, an older use ol, 
equivalent to variation, 188. 

Degeneration following cessation 
of selection, 138; of lost scales 
greatest in best moth mimics of 
wasps, &c., 365, 366. 

deione^ Penoa^ mimicked by female 
f of £■ hahtherses^ 373 
De rAfflnit6 des Langues 
Celtiques avec le Sanscrit, 
Adolphe Pictet, 173. 

Delagoa Bay, attacks of birds on 
butterflies witnessed at, 282 n. i. 
Deltas eucharis, 269 
Demerara, H mtsippus ranges to, 
216 

demodocus, Papilio^ in stomach of 
Coccytes caffer^ 283, 
de Nicdville, L., on insects found in 
Microhierax^ &c , 291, 291 n i, 
292 

Dentalina in Carboniferous, 27 
Dentalium in early Palaeozoic, 30 
Denudation, rate of, 16 
Deposition of rock, rate of, 16 
Der Qegensata awisohen 
geographisoher und niohtgeo- 
graphisoher Variation, Karljordan, 

84 n 2 

Descent of Man, &c., Charles 
Darwin, 233 n. 1, 379 
Description of some Insects 
which appear to exemplify, &c , 
Rev W. Kirby, 220 
Desert, general protective resem- 
blance to, 297, 298 ; syncryptic resem- 
blance to, 312; aggressive resem- 
blance to, 312 , stress of life on, 321 , 
a measure of cryptic resemblance to, 
in Z. chrysippuSy 321. 

Development Hypothesis The, 
Herbert Spencer, 58 
Devonian Foramimfera, 27 , 
sponges, 28; Myriapoda, 34; 
plants appear in, 44 , appearance of 
seed-plants m, 45. 

De Vries, Hugo, Evidence in 
Favour of Mutation by, Introd 
xvii-xxii ; on the necessity of Natural 
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Selection, xvni , on Oenothera 
lamarcktana and Mutation, xix, xx, 4 
on intermittent periods of Mutation 
XX , rediscovery of Mendel’s principle 
by, XXIX ; on minute variations m 
capable of permanently raising the 
mean of the species, xxxix , on 
Mutation, no. 

dexithea, Hypoltmnas, probably 
ancestral, 216 

Dtabrotica^ mimicked by Neobro- 
tica, Lenta, and Dtrcema, 236, 237. 
Dtacrisia maculosa, 284 
Diagnosis, Definition of 
Species BY, II 65-8, see also sections 
and sub-sections, 68-77 
Diagnosis, Linnaean method of, 
58, 60, conclusions of provisional, 
65, 76, 77 , transition and, 64, 66, 67, 
inadequacy of, 90 
Diagram I, illustrating Pangenesis, 
126 

Diagram II, illustrating Continuity 
of Germ-plasm, 127, 128, 130-2. 

Diagram III, showing develop- 
ment of ‘ identical ' twins, 133, 134 
Diaposematic Resemblance, 
Reciprocal Warning Colours, 

X 344, 345 

Diaposematic Resemblance, intro- 
duction of term, 344 , illustration 
showing advantage of, 330, 331 , 
characteristic of Mullerian mimicry, 
344 , probable between Papiho 
and Uraniid moth, 371. 

Dtcranura btjida, 158, 159, — 

7 ‘inula, 159 

Dururus attacking Lepidoptcra, 
285, 287 , unable to find Melamtis, 
288, 289 

Dtcrtifus ate? , 285 
Dictionary of Philosophy 
and Psychology, J Mark Baldwin, 

73 n I, 142 n. 3, 143 n 2, 312 n. 2, 
360 n I. 

Different Forms of Flowers, 
Charles Darwin, xxvii. 

Different Models Mimicked 
BY Male and Female, X 372 
Different methods of attaining 
mimetic resemblance, 250-67, 280 
Differentiating cell-divisions, 133, 
135- 

Digits, supernumerary, hereditary, 
135, 136, 180. 

Dimorphism, Diagnosis tra- 
versed BY Seasonal, II. 72-4. 

E e 


Dimorphism, unique form of, in 
larvae and pupae of Zonosoma 
{Ephyra),iso, value of, 310, heredity 
in, 310. 

Dimorphism and Polymorph- 
ism traverse Diagnosis, IJ. 
70-2. 

Dimorphism and Polymorph- 
ism IN Procryptic Defence, X. 
310 

Dimorphism and Polymorph- 
ism IN Mimicry, X. 354-6. 

Dimorphism and Polymorphism, 
common m mimetic species, 354; 
apparent strong support to Batesian 
mimicry of, 354, facts of, also con- 
sistent with Mullerian interpretation, 
354) 355) 356, advantages of, m 
mimicry, 372 , examples of, 372-5 

Dimorphism and trimorphism in 
both model and mimic, 355, 364, 365 
n, I 

Dimorphism, Seasonal in 
Pkocryphc Defence, X 310-12 

Dimorphism seasonal in butterflies, 
206-11, 339-42 

hodetianus ( r JuuUwianihus ), 
Dantsepa, mimicked by female f. of 
E halithersesy 373 

Dipnoi, 26 

Diptera (see also classification of 
examples of mimicry, 390-3) minute 
changes moie evident in Lepidoptera 
than, 52 , W. S Macleay on resem- 
blance to Hymenoptera of, 220, 
Kirby and Spence on mimicry of 
l3€es by Voliuella, 221 , preferred to 
butterflies by lizards, 286, wings of, 
in nest of Microhierax, 291 ; pro- 
bably not aggressive mimics of 
Hymenoptera, 378, probably at- 
tracted by flower-1 ike lures of lizard, 

378 

Dtrcema mimicking Diabrotita, 
237. 

Directive Marks and 
Structures, X. 325,326; Seasonal 
Development of, X. 326. 

Directive marks and structures 
evidence of value of, 210, 281, 282, 
valueof movements to, 2S2 ; frequently 
injured as if by enemy, 281, 282 , 
difficulty in the classification of. 
may be aposemes or pseudosemes 
(pseudaposemes or pseudepisemes), 
325, 325 n. I, 326; in hind wing of 
ProtogoniuSy 351. 


POULTON 
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dirtea^ Sympkaedra^ wing of, in nest 
of MtcrohieraXy 291. 

Discina, persistence of, in time, 43. 
Discontinuity, definition of con- 
tinuity and, XIV ; the origin of specific, 
XV, XVI ; importance of geographical 
distribution for the study of, xvi; 
judgement of subjective, xvii , colour 
and, xvii ; as a lest of species, 66, 67. 

' Discontinuous or Continuous 
Evolution, Introd xiv-xvi 
Discriminating features even in 
closest mimicry, 349, 350, possible 
meaning of, 350, 358. 

DiscuBsion on Acquired Char- 
acters (1889), 164 n. I 
Discussion on Species, In- 
sects especially fitted for, II 
50-4 

Discussion on Species, Intro- 
duction TO, II, 63-5. 

Disease, germs of, 120, 121 , when 
germ-caused, not hereditary, 1 36, 1 84 , 
acquired, not hereditary, 136 , blasto- 
genic origin of certain, 136 , non- 
transmission of constitutional effects 
of, 182-4 

Dtsmorphta orise^ 240, 265, 266. 
Dtsmorphina [Pierinae)^ mimicry 
of Jthomtinac by, 239, 240, 265, 266 ; 
retention of old Pierine character by 
males of, 239, 240 , sexual brands of 
males of, 240 , T. Belt on epigamic 
use of white patches m males of, 240 
Distance, importance of, m mode 
of defence, 319 , effect of, on apparent 
size, 366, 

Distant, W L , on dorippus f of 
L. chrysippus in S Africa, 71 n I. 
Distasteful, see unpalatable 
Disuse, apparent inherited effects 
of, due to cessation of Natural Selec- 
tion, 137, 138 

Diverse Ways of production 
OF Mimicry, &c , between Insects 
OF various Orders, VIIE 250-61 , 
between Insects of the same 
Order, VI II. 261-7 •’ see also 280. 

Diurnal models mimicked by 
diurnal members, even of nocturnal 
groups, 249, 250, moths mimicking 
butterflies, 249, 250, 275, 276, 372, 
376 , hours of procryptic defence, 303. 

Dixey, Dr. F. A., on mutation and 
continuous evolution, xxxviii, xxxix; 
on species, 56 ; on word * species \ 

62 n I , support to Mullerian theory 


by, 213, 223, 328, 343-S; on Reci- 
procal Mimicry (Diaposematism), 
2I3 j 344j 345 . memoirs in support of 
Mullerian theory by, 213 n i ; on 
Mullerian mimicry m PteriTtae^ 262 , 
on homologous markings of the 
Vanesstdae^ 277 ; results obtained by, 
quoted in Essay X, 293 . see also 
viii , on choice of resting-sites b) 
butterflies, 301, 301 n 6 , on Melan- 
ism, 310 n l ; on seasonal changes 
in the Ptennae, 31 1, 312, 312 n i , 
on epigamic and aposematic smell in 
African butterflies, 316, 317, 317 n i , 
on Mimetic Attraction^ 328 n i , on 
wet and dry forms of Byblia gotziu\ 
and B ihthyia, 341 ; on seasonal 
forms of Teracolus regina, 341 , on 
Mullerian mimicry in its relationship 
to the seasonal changes of Pierinac, 
341, 342, on secondary Mullerian 
mimicry, 345 , on combination of 
procryptic and mimetic colouring m 
Pterinae^ 350 , general applicability 
of Wallace’s third condition to 
Mullerian mimicry controverted b\, 
362, on female mimicry Mulleiian 
no less than Batesian, 362 n 2 , on 
the Paptlw- Euterpe Mullerian asso- 
ciation, 362 n. 2. 

Divon, Professor A F , and G ^ , 
on habits of Ilyas loarctata, 

314 n I 

Dog, origin of, 83, 83 n 2, Pnchaul 
on the production of breeds of by 
selection, 186, Blumenbach on mill 
tiple origin of, 186 
Doleschallia, resemblance to dead 
leaf of, 205 

Doliops turcutionoidesj 261 , — 
metrica, 26 1 . 

Doliops {Lamudae) mimickinp 
weevils, 250, 261. 

Domestic races, probable immense 
importance of Mendehsm in, wvv , 
widely different, 76; Darwin’s view 
of two or three species combined m, 
79, artificial selection and, 83 n 2 , 
suggested origin from two or more 
wild species, 83-4 , recognition by 
J C Prichard that artificial selection 
has produced, 174, 186, fertility 
between, 201 : see also 77-80 

Domestication, reduction of sterility 

by, 79 , 83, 83 n. 2. 

Dominant and recessive characters 
XXX -XXXI 11 
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domtmcanus.LoiAmaurismavtus, adjustment a response to, 304, 305 ; 


a dominant model in E Africa, 336 ; 
replaced by type f of ntavtus at 
V. Nyanza, 68, 69, 338 ; correspond- 
ing changes in Papilionine and 
Nymphaline mimics, 338 ; mimicked 
by htppocoon female f. of E. and S. 
Pap, dardanusy 374, 375 ; and 
roughly by the tnmeni female f of 
two sub-sp. of Pap dardanus^ 374 
n 2. 

domunculay Subentes, carried by 
Pagurus cuanensiSy 357 

Dorfmeister on seasonal changes 
of Lepidoptera, 31 1 
donppus (= klugit)y f of Lwinas 
chrysip^us, distribution of, 70, 71 , 
suggested interpretation of, as pro- 
cryptic adaptation to desert, 321, 
321 n I 

Dormouse, value of tail of, 325 
doubleday ana y a black mutation 
of A betulanay 309. 

Draconta tusinay 302 
Dragon-flies, great size of Car- 
boniferous, 18, 37 , attacked by bee- 
eaters, 287 , wings of, in nest of 
MurohieraXy 290, 291 , attacking 
specially defended insects, 318 
dravtdarum, Papilia, mimicking 
Crai>tta tor^, 372. 

Dnesch, experiments of, on egg of 
Sea-urchin, 130. 

Drone-fly, see Efistahsy 243-4 
Drongo capturing butterflies, 283, 
284 , capturing and rejecting dis- 
tasteful moths, 2S4 
Druryay see Papiho, 366 
Dry season a lime of special stress, 
148, 208-11, 311, 317, 320, 326 , form 
of butterflies’ wings in, 206, 207, 310, 

31 1, butterflies of, especially well 
concealed, 207-11 , cryptic forms of 
Preas in, 208, 320, 33^41 , butter- 
flies of, prone to hybemate, 209 , 
more alert and active, 209, life of 
the, 209 , eye-spots withheld in, 210, 

21 1, 326; warning colours less 
developed in, 317, concealment 
necessary in the, 320 , the desert 
a permanent, 321. 

Dryness, see External Causes. 

Dune, near Heligoland, colour of 
grasshopper in, 307. 

Durban, Natal, 52 n. l, 71 n l, 
72, 72 m I, 283 

Dynamic Conditions, rapid colour 

E e 


syntechnic resemblance caused by 
similarity in, 312. 


Ears and tails, mutilations of, not 
hereditary, 180, 181. 

Earth, Age of the. Essay I, 
1-45 

Earth, changing shape of, 8 , rota* 
tion and shape of, 8, 9, cooling of, 

9- 13 , conductivity m interior of, 

10- 13 , higher density of interior of, 
II ; protective (procryptic) resem- 
blance to coloui of, 155, 298, 307, 318, 
323 , allanticryptjc use of, by Ceuito- 

phrysy 313. 

Earthworms, 27 
East Africa, see Africa East 
East Brazil, see Brazil East 
Eaatern Origin of the Celtic 
Nations, J. C Prichard, 173 
etheria and albt?nacula(ay Amau- 
ns, Natal mimics of, in Hope 
Department, 249 , Western Aniauns 
mimicked by, 335, 337, dominant 
models in E Africa, 336 , mimicked 
by cenca female f. of three sub-sp. of 
P dardanus [}fit‘rope)y 337, 338, 355, 
374, by female of Pap. eche) loides, 
375 

echenoidosy Papilio, female of, 
mimicking Amauris albtniaculata 
and echeriUy 375 

Echinoderm (Echinus), Driesch’s 
experiments on egg of, 130 
Echinodernia, 25 , small advance 
in geological time of, 28 , of early 
Palaeozoic, 30 , early records of all 
except Holothurians, 43 , earliest 
forms of, not primitive, 43 , classes 
of, in Cambrian, 43 

Echinoids in early Palaeozoic, 30 
EoAts carinata, 324. 

Ecuador, Bolivia, and Peru, colours 
of the chief Ithomiine-centred com- 
bination in, 351 

Ecuador, form of Methona con/usa 
and Pierine mimic in, 265, 266 
Edinburgh,] C Prichard an M.D 

of, 173. 

Edinburgh Review, 56, 66. 
‘Educability ’ a hereditary congeni- 
tal character, 165 ; as opposed to 
instinct, 165, 166. 

Education, results of, not here- 
ditary, 136, 165, 166-7, value of 
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research in, 198, 199; of enemies 
facilitated by warning colours and 
MuHerian mimicry, 166-8, 212-15, 
322 , 278, 327-31, 339. 

edusa, Coltas, choice of resting- 
site by, 301. 

Ega, Upper Amazon, colour of the 
chief I thomiine-cenired mimetic com- 
bination at, 273, 351. 

Egg, individual characteristics pre- 
determined in the, xxxvi, xxxvii, 
xxxvii n I, 132-5, 183. 

— Experiments, &c , on, by Roux, 
128-30 , T. H Morgan, 129 , 
Hertwig, 129, Schulze and Wetzel, 
129, Herlitzka, 130, Dnesch, 130; 
J. W. Jenkinson, 130 , Boven, 131. 

— Diagrams of development of, 
described, 123-8, 130-4 
Eggs of S ocellatus, derived 
chlorophyll m, 314, 314 n 2 
Elmer, Prof G H., on Natural 
Selection not creative, xxii , on in- 
stincts of Fossorial Hymenoptera, 
162, on internal causes of mimicry, 
224 

Elaps mimicked by harmless 
snakes, 367 

Elephant Hawk moth, see eipenovy 
Chnerocanipa^ 3 1 9, 326, 367-8, 376 
elgtvuy Precis^ under side pro- 
cryptic in both wet and dry seasons, 
340 , S. African habitat of, 340 
eliminata^ Sarangesa^ captured by 
Bradyornis mariquensiSy 283. 

Elimination of shadow, Thayer’s 
discovery of the, 299, 300 , adjust- 
able form of, 300 , in aggressive 
resemblance, 313 

elpenor^ Choerocampa, transition 
from cryptic to pseudaposematic 
defence 111 larva of, 319, 368; proof 
of terror inspired by snake-like larva 
of superstitious fear of, 367, 367 
n. 2 : see also 326 ; lizard terrified by, 
but ultimately devoured larva of, 367 ; 
mimetic resemblance of Batesian, 
367, 376. 

Elymmas caudata, 373 , — cot- 
toms, 373, 373 n 2, — {Melynuis) 
hits, 353, —leucocyrna {Melymas 
ynalelcLs), 372; — undulans, 373. 

Elymmtnae (see also Elymmas, 
see iso classification of examples of 
mimicry, 284-8) . often united with 
Satyrinae, 353, almost every species 
of, mimetic, 353, females, except in 


Africa, often better mimicsthan males, 
353, undersurfacesometimesmimetic, 
sometimes procryptic, 353 , a few 
speciesof,aposematicor doubtful, 353; 
R. Shelford on habits of Bornean 
E, lais, 353 ; compared with Froto- 
gonius, 353, 354, mimetic common 
ancestor of genus suggests Mullerian 
interpretation, 354 , latter interpreta- 
tion merely tentative, 352. 

Elytra, reduction of, in mimetic 
Longicoms, 252. 

Embryo, inoculated by diseast 
germs, 136. 

Embryology, unreasonable dis- 
paragement of, by Bateson, xlii, xlm , 
experimental, 128-30 

Empire and science, 169 

encedon, Acraea, three forms of, 
mimicking three forms of L. chrysip- 
355 i three forms of mimic 
transitional, while two out of three 
corresponding forms of model aie 
sharply marked off, 364, 365 n i , 
alcippina f of, perhaps developed in 
W. Africa as mimic of alctppus f of 
L chrystppus, 364. 

Encyclopaedia Bntannica, 173, 
293. 

Endromis versicolor, 23 S 
Enemies of Lepidopterous Pii 
pae enclosed In bark-formed 
Cocoons, E. B. Poulton, 1 59, 1 59 n i 
Enemies (see also birds and e\i- 
dence). of pupae in cocoons, 1 58, 159, 
education of, helped by insect warn- 
ing colours and Mullerian mimicr>, 
166-8, 212-15, 222, 278, 327-31, 3S9' 
366 , effect upon insects of struggle foi 
life in youn^, 167, 167 n 2, 168, 32(S , 
of insects in the dry season, 209 , 
confused and attention diverted by 
bnght hind wings, 303, 304 ; animals 
with warning colours attacked b> 
special, 317, 318 , not deceived when 
model and mimic occupy different 
stations, 349, judgement of relati\^ 
size by young, 366, hardness com- 
pared with other defences agamst, 

370 - 

English colonists unchanged aftei 
many generations in the tropics, 17^ 
Entebbe, V. Nyanza, hermaphro- 
dite female f. of P^P 

daraanus^ taken at, 374 n. 3. 

Enterozoa (Metazoa), place of, jn 
classification, 25. 
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EntomotogioaJ Society of Lon- 170, 171 ; incidence of conditions of, 
don, ProoeedingB of, 46, 89, 890. i, determined by Iife-history, 243, 244, 
* 39 ) *53 I) *56, 157 n. I, 167, 205, 276, 277 ; effects of colour of, on 

206, 207, 212, 213 n. I, 216 n. I, 223, insects, &c, 305-10; mimicry be- 

232, 239, 273, 301, 302, 303, 312 n. I, tween models interpreted by H. W. 

3 * 7 ) 325 n. I, 328, 328 n. l, 332, 340, Bates as the effect of a common, 327. 

34 *) 343 ) 344 ) 35 ° n. i, 356, 358, Eozoon, 27. 

358 n. I and n 2, 363, 366, 367 n. 2, Ephemeridae (Protoephemendae) 

368,3720 1,3740.3. of Commentry Carboniferous, 37. 

Entomologrlcal Society of Lon- Ephyra, see Zonosoma, 150. 

don, Tranaactions of, 57 n. i, 72, Epicopem philenot 371. 

93 . * 49 . 15O) *56, 210, 213 n I, 217, Epigamic Colours, X 379, 380 

236, 269, 270, 270 n. I, 276, 277, Epigamic characters (see also 

282,299,300,301,302,303,304,304 Sexual Selection): place of, in a 
” 3)306)307,308,311,317,318,320, scheme of the bionomic uses of 

321, 321 n. 1,322,3280 1,331,335, colour, 226, 227; pleasant smell of 

339 n I, 340, 341, 343, 344, 345, male butterflies as, 316,317, ofAttid 

346, 348, 351 n 2, 354, 355, 362, 362 spiders, 380; of grasshoppers, 380, 

n 2, 364, 365 n I, 367 n 2, 368-70, often concealed except in courtship 

373) 374 n. 3, 378, 380 only exist under conditions of visi- 

Entomologioal Society of Lon- bility commonly closely associated 
don Author’s Presidential Ad- with nervous system display most 
dresses, 1903, 1904 (read 1904, marked when sexes unlike, 380, 

1905), the original forms of Essays Wallace’s interpretation of, 380 , cx- 
II and V respectively, 46, 139, ceptional in heredity, 380 , of one sex 
Rol.intl I rimen’s Presidential Ad- latent in the other, 3S0 , effect of 
dresBoB, 1897, 1898 (read 1898, 1899), castration on latent, 122, 380 
89, 89 n I, 90, 232 , the Empire and, Epigonic evidence, need of, 90 

169 , consent of Council for repub- Epigony, definition of, 61,61 n I , 

lishing direct evidence of attacks of the appeal to, 62, 64, as test of 

birds on butterflies, 283, examples species when diagnosis fails, 69, in 
of ^ulleriin Mimicry exhibited by Ltmnas chrysippus^ 70, 71 , in P. 

W H Blandford at, 343, 356 n. i , dardanus, 72, 72 n i , in seasonal 
argument that Proiogonius and dimorphism, 72-3 , the test of specific 
Elymminae are Batesian mimics at, identity when differences are great, 
351,3720 I 76 , importance of, to the systematist. 

Entomologist’s Monthly Maga- 77 
zme, 57 n l, 157 n l, 207 n l and EriSEMAHC AND Aposemaiic 

n 2, 300, 325 n 1,341 Cn\RACiERS, X 315-58 For divi- 

Entomologist’s Record, 216 n 2, sions, sections, and sub-sections, see 
23911 i,309 n i,366 n i 294-6 see Sematic characters 

Entomostraca in Silurian and Episemapic OR Recogniiion 

Cambrian, 39 CHARACTERS, X 357, 358: see 

Entwiokelung von Ascaris Recognition characters 
megalocephala, Boven, 131 Equivalent cell divisions, 133, 135. 

Environment, Organism pro- Enstahs^ a mimic of hive-bee, 
BADLY Adjusted to, by Local 243-4 , food of larva of, contrasted 
Natural Selection, X 307, 308 with that of bee, 244. 
see also 308-10 erithonius, Paptlw, eaten by bee- 

— Environment (see also External eater, 288 ; wing of, in nest of 
. Causes and uniformity) effect of, Mi^rohierax, 291. 

'on organisms, 73-5, susceptibility Ermine, aggressive seasonal change 

to, 106, 145 , effect of, on germ-cells, of, 313. 

137 , influence of, 1 45 ; organic and Proma, combination of procryptic 
inorganic, 153, 154, lines of pattern and mimetic colouring in, 350, 350 
parallel to shadow lines of, 156, 301 , n. i. 
evolution transferred from man to, Eronia cleodora, 283, 301. 
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Erroneous Assumption that 
Warning Colours imply Com- 
plete Immunity from Attack, 
X. 317, 

Eryctntdae, darkening of mimetic 
m the Guianas, 272 ; mimics be- 
longing to, are probably Mullenan, 
273 • see also 346 ; Dixey's dis- 
cussion of entrance into Mullerian 
QDmbinations of, 343 ; mimicking 
Ithomnnae and mimicked by diurnal 
moths, 346. 

esebrta, Acraea, two forms of female 
mimicking Danatnae^ 354, 3^5; ad- 
vantages of this dimorphism in, 355 
Essay on Fertilization, Prof. 
Marcus Hartog, 60 n 3 
Essays on Natural Selection, 
A R Wallace, 51 n i, 203, 3670 i, 
369. 

Essays, Scientific, Political, and 
Speculative, Herbert Spencer, 7 n. i, 
58 n. I. 

Essays upon Heredity, August 
Weismann, xwvi, \xxvii, wxvii n i, 
60 n 3 

Essential Naiurl ot Mimicry, 

&C, AS SHOWN BY ANALYSIS, VIII. 
240-2 

Essential Element in Mimic- 
ry, X. 359-6i. 

EsthesinaCy mimicry of Hymeno- 
ptera by, 252 
Estipnena chinensts^ 261. 
Esttgmemda vartabihs^ 261 
Ethiopian Region (see Africa) the 
study of mimicry should commence 
in, XXV, xxvi, 336 

Ethiopian and Eastern hawk-moth, 
attainment of transparency by, 365 
etrtda^ Teracolus, mimicked by 
Abraxas etridouies, 231 , inhabits 
station different from that of its 
mimic, 349 

etridoides^ Abraxas, mimicking 
Teracolus etrtda, 23 1 ; inhabits 
station different from that of its 
model Teracolus, 349. 

Etudes d’Entomologie, Monsieur 
Charles Oberthur, 69, 381 
eucharis, Delias, proved to be 
unpalatable, 269. 

Eucheha jacobaeae, 230, 318. 

Euderces picipes, 255 (Fig. 4), 256. 
EuetdeSy 235. 

Eueides mgrofulva, 332. 

Eugonia querctnaria, 149, 150. 


Eumenss, species of, resemble 
other Hymenoplera in Australia 
278. 

Eupatortum macrophyllum, 322. 
Euploea captured by Ashy swallow - 
shrike, 286 , not attacked by bee- 
eaters, 288 ; mimicked by female 
Hypolimnas, 241, 372 ; limit to con- 
spicuousness of, 322. 

Euploeint (see also Euploea', see 
also classification of examples of 
mimicry, 384-6, 388-9) : Danami 
compared as models with, 333-5 > 
range Dan aim compared with, 333, 
334 , mutual mimetic influence ol 
Danatni and Euploeini compared, 
334 ) 335 ) dominance o\tr Danami m 
areas where both meet, 333-5 , homo- 
geneity of, compared with Danami, 

333 , abundance of, 334 ; probably 
not more unpalatable than Danami, 

334 , uniformity throughout many 
species of, 277, 333-4 , the chief 
models of the Eastern Elymnimat, 
353 , possible role of male scent- 
brands of the, 334 n. I, 358 

Euraha, see Hypolmmas 
Euripus probably a distasteful 
genus, 373 , mimicry in, 373. 

Euripus halitherses, 373 
Europe, mimicry in Arasthnia of, 
342 

Eusemid falkensteinii, 232 
eutolmus {coerulescens), M uic 
I hierax, 289-91 

! Evans, Dr. Arthur J , assistance 
^ in terminology rendered by, 61 n r 
evenina, Teracolus, MiiHeririn 
mimicry in dry f. chiefly, 342 
Evening Primroses, as the evident c 
for mutation in nature, xix-xxii 
Evidence of Stecial Proilc- 
noN in Aposematic Form'-;, V 
3 > 6 , 3 ‘ 7 - 

Evidence, Indirect, Suppoki- 
iNG Mullerian Mimicry, X 34^’- 
347 

Evidence, Recent, in Suppoki 
OF Batesian Mimicry, X. 350-6 
Evidence, Confirming Hisiokv 
Inferred from Mimicry, X. 3 ^ 5 - 
366. 

Evidence adduced by De Vries m 
favour of mutation, xvii-xxii , indirect 
for mimicry, 271 , of distastefulness 

in mimicked butterflies, 269, 279, 279 
n. i ; of advantage conferred by 
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mimicry,269, 281, 288: see also Finn, —Bateson's statement of the 
F. , of distastef^alness in larva of C. problem of, xxxiii, xxxiv ; little help 
verbasct, 318 afforded by Mendelism in solving the 

Evidence ofattacks on butterflies by problem of, xxxiii-xxxv; by minute 
birds, insufficient, 268-70, reasons variation is not Mutation, xxxviii, 
for insufficiency, 270, 282. xxxix , uselessness of teratological 

— Of actual attack by G. A. K. phenomena for, xxxix, xl , slowest 
Marshall, 282-4; by E. Pdnard, in lower branches of animals, 27-31 ; 
2820 I, by F. Muir, 282 n i, most rapid in highest, 29 ; of nervous 
by Col J W Yerbury, 283, 285, system rapid in higher animals, 2^, 
286 , by Col Bingham, 283, 286- evidence of trend of in pre-Cambnan 
90, by C. F M. Swynnerton, 283, time, 31-3, within higher animal 
284. Indirect evidence obtained by phyla, 33-42 ; of insects’ wings, 36, 
Davidson, 290, 291; by Ferguson, 37 , of Appendiculata, 33-41 , Arthro- 
292. poda, 33-41 , Myriapoda, 34, Insects, 

— From following localities 34-8, Crustacea, 39, 40 , Arachnida, 

S Africa, 281-4 , Geneva, 282 n i, 39-41, Mollusca, 41, 42; Gastro- 
E. Africa, 282 n i , Malvern, Dur- poda, 42, Cephalopoda, 42 , Lamelli- 
ban, Natal, 283, Salisbury, Rhodesia, branchiata, 42, Gephyrea, 42, 43, 
283, 284 , Gazaland, 284 , Melsetter, in land-plants, 44, 45 , evidence of 
Gazaland, SE Rhodesia, 284 , India will be furnished by museum collec- 
Thundiani, Kala Pam, 285 , Cey- tions, 53 , ancient writers on, 54-6 , 
Ion, Kandy Road (Trinkomali to influenceof Milton on, 55, 56, Aubrey 
Kanthalai), 285, 286, Burma, 286-92, L. Moore on, 54-6 , Huxley on belief 
Akya Chaung (branch of Haundraw in special creation, 56 , Aristotle and, 

R ), Kawkaraik to Thmganyinaung, 56, contrasted with special creation, 
286-8 , Wabosakhan Camp, 288 58 , effect on systematic work of 

289, Salween R , below Shwt^gon belief in, 59, Asyngamy and, 65, 

2S9; Smzaway Chaung (branch en 81-91, Asympatry and, 84, 85, 

tering Voonzalecn R , below Pah- Mechanical Selection and, 85 , Pre- 

poon, Tenasserim), 290 , Banka- ferential Mating and, 85-8 * see also 

so^n, S Tenasserim, 290, Thabeit- 65, breaking of Syngamic chain and, 
kyin to Mogok, Upper Burma, 291 88-90, Darwin's metaphor of tree 

n I , Travancore, 292 , direct evi- for, 94 , Darwin-Wallace theory of, 
dence only obtained at the first- 95-7 , necessarily follows from factors 
named Burmese localities excellent of selection, 96, Lamarck, Erasmus 
indirect evidence at the others, for Darwin, H Spencer, theory of, 97-9 , 
indirect evidence see also 270, 270 belief in innate tendency towards, 
n I, 281-3, 304, 325, 325 n ^ belief in unknown cause of, 

Evolution Theory, A Weismann, loi , Lamarck’s theory of, appre- 
164 n 2, 375 bended easily, Darwin’s with great 

Evoluiion CoNiiNUOUS OR difficulty, 101-4 , parodies of, 103, 
Disconiinuous, Introd xiv-wi 104, utility and, 105-9, in brain, 
Evolution, Aniagonism Pro- 107, 108, Palaeontology and, 107, 
MOILD BETWEEN STUDIES ALL io8 , selection a true cause of, 109, 
Needed FOR Ait\cking Problem no. Mutation and, no. see also 
OF, Introd xli-xliv Introduction, especially xiv-xvi, 

Evolution, Theories of, Essay xvn-xxvi , of actively used structures, 
111,95-119. 112, of passive structures, 112, of 

Evolution, Remarkable an- joints, 112, 113, 115, of combined 
ticipation Oh Modern Views on, active and passive structures, 113, of 
Essay VI, 173-92 cocoon-makingir.itincts, 1 17-19, 160 ; 

Evolution of Chief Charac- of social Hyraenoptera, 165 ; Lloyd 
teristics of Mimicry, X 362, 363 . Morgan on the trend of human, 170, 
see also Essays VIII and IX 1 71 , J. C. Prichard on, 174; Huxley’s 

F>olution (see also Natural Selec- views on before the Origin^ 199, 
tion). 200 ; Huxley's defence of, 219 ; 
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^ belief in, because of consistency with 
facts, 268 ; of Mullerian resemblance, 

329-3^- 

Examinations, injurious results of, 
197-8 

Examples, Striking, of Mul- 
lerian Mimicry in New and Old 
World, X. 331-6. 

Examples, Remarkable, of 
IVf,iMiCRY, X. 367-9 
Example, Remarkable, of 
Mimicry in Papilio dardanus 
(merope), X 373-6 
Excrement of bird, protective 
resemblance to, 319 
Exercise, results of, not hereditary, 

136 , 

Existence, struggle for, and selec- 
tion, 96. 

Experience, bearing of Insect 
Mimicry, &c., upon supposed 
Hereditary Transmission of, 
V. 166-8 

Expenence, the Lamarckian inter- 
pretation of instinct as inherited, 1 16, 
154-66; dangers to insects of, 117, 

1 18, 154-7, not hereditary, 166-8, 
316 , must be acquired by insecti- 
vorous birds, 268, 269. 

Experimental Proof of the Pro- 
tective Value of Colour and 
Markings in Insects in reference 
to the Vertebrate Enemies (1887), 
E. B. Poulton, 230 
Experimental Evidence of 
Special Protection in Apose- 
MATic Forms, X 316, 317. 
Experimental embryology, 12S-30 
Experiments, on birds with dis- 
tasteful insects, see Finn, F., 269, 
on Artemiaj 73, 74 , on power of 
colour adjustment in larvae and pupae, 
305-7 ; on seasonal forms of Seienta 
illunaria^ 31 1 , of Teracoliis omphale^ 

3 1 1, 312; of — achine, 3 1 1, 312 , 
of Belenois sez’erinay 31 1, 312; of 
Precis y 340 , of Byb/ia, 341 , on 
winter change of Hudson's Bay 
Lemming, 310. 

External Causes (food, climate, 
soil, &c.) as suggested interpretation 
of mimicry, 224, 272 , the theory 
most commonly substituted for 
natural selection as cause of mimicry, 
267, 272 ; theory of, requires trans- 
mission of acquired characters, 267 ; 
belief in theory of, due to too exclu- 


sive study of butterflies, 229, 272, 273 , 
obviously inapplicable to mimicry 
between remote species, 229 , mimicry 
a special case of protective (pro- 
cryptic) resemblance, and yet the 
latter clearly cannot be due to, 226- 
8 , various objections to, 227, 229, 
233, 235-42, 244, 245, 248-50, 260-3, 
266-8, 270, 273-82. 

Extinction, belief m innate ten- 
dency towards, 100. 

Eye, importance of, in rapid colour 
adjustment, 305 

Eye-like spots on abdomen of 
mimetic spider, 36S , of Choct ocampa 
caterpillars, 326 , of Brassohnac, 
326. 

P’yes of dmmal beetles different 
from nocturnal, 250. 

‘Eye-spots' or ‘ocellated spots' 
in wet season broods of Saiynfuu 
and Nymphalinae, 2lo, 21 1, 326, 
examined by lizard, 210, pecked by 
kestrel, 210, concealed during pro- 
longed rest, 210, divert attention 
from Mtal parts, 210, 325, 325 n i, 
326 , of butterflies’ wings, value of, 
281, 282, of Brassohnacy 326, of 
Morphinae {lenaiis), 326 , of Papi- 
lioninacy 326 , I’seudaposematic in 
snake-hke larvae, 326 , absent from 
the chief distasteful butterfly groups, 
326 , difficulty in the bionomic classi- 
fication of, 325, 326 
Eyton, on fertile pairing of two 
species of goose, 83 


F.A., criticism of mimicry in 
Punch by, 213-15 
Fabre, on the instincts of Fossores, 
1 1 8 , on instincts of Fossorial H ymen- 
optera, 160, 162 , Lamarck appai- 
ently confused with Uarwin by, 162 
Facets of eyes of diurnal beetle^ 
smaller than nocturnal, 250 
Factors of Lamarck’s theory, 98, 
99 

Factors of Natural Selection, 95 0, 
suggested by name itself, 105 
fagty StauropuSy mimicry of ant by, 
253, 253 (Fig 2), 254; composite 
mimicry by larva of, 369. 
h'alconet, 289-91. 

Falco subbuteOy 284. 
pal lax y Myrmecophanay mimicry of, 
256,257,258 (Fig. 5), 280 
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ftilkensteimiy Eusemtay Miillerian 
mimicry of Z. chrystppus by, 332. 

False warning and signalling 
colours, 326 . see also PSEUDO 
sEMAiic Resemblance and its sub- 
divisions, 296, 297 

Families, in classification, subjec- 
tive, 65. 

Farmer, Professor J B , on ex- 
planation offered by Natural Selec- 
tion as a bar to inquiry, xliv-xivii, xliv 
n I , on stimulus and mechanism, 
74 n 2. 

Fawcett, Henry, and Natural Selec- 
tion, 96 

Female parent, Prichard on the 
supposed influence of, on offspring, 
185-6 

Female often better concealed 
than male, 246 

Female Calophdga {Pitrinae)^ yel- 
low f. of, S[jecially attacked by bee- 
eater, 285 

Female preferences, 379. 

Flmvle, Mimicry, &c., less 
CIIARACTERISnC Ot M \LE IHAN, 
VHII. 244-7 see also 215-17, 279, 
347 , ^ 53 ) 372-5 

hEMALL Mimetic Male Non- 
Mimetic, examples under this 
heading, X 372 

FemalS Mimicking Two or 
More Different species, M\le 
Non -Mimetic or Mimicking 
siill Another Species, examples 
under this heading, X 373 see also 
dardanus. 

Female, except in mimicry, more 
ancestialthanmale, 245-6, advantage 
of mimicry in, 246,279, tendencies 
of non-mimetic males of mimetic, 

347. 

‘ I erns ’ of Palaeozoic, mostly seed- 
plants, 45 

Fertility, kept up by selection, 81, 

82 , of certain hybrids, 83, 84 , pro- 
moted by domestication, 83, 84 , 
between domestic breeds, 77-84, 201. 

Fertilization or zygosis, xxxi , 
inferences as to precursors (Allelo- 
morphs) of Mendehan characters in, 

‘ xxxi-xxxiii , syngamy proposed by 
Hartog to replace, 60 n. 3 , zygosis 
proposed for, 60 n 3 , essential nature 
of, 80-2 , self-, cause of injurious 
effects of, 91-4, the union of germ- 
plasm from two individuals, 127, 128. 


Fertilized germ or rygote, Men- 
delian inferences as to, xxxi-xxxiii. 

Final Causes, W. Whewell on the 
study of, as a stimulus to inquiry, 
xlvi n I. 

Finn, F., on education of birds, 
167 ; conclusions of, on distastefulness 
of butterflies, 269, 3 17; on evidence 
of distastefulness in mimicked butter- 
flies, 269, 279 n. I ; results obtained 
by, quoted m Essay X, 293 , on 
unpalatability no defence against 
hungry enemies, 269, 317, 317 n. 4 
Fish, in early Palaeozoic, 30 see 
also 26 , rapid colour adjustment in, 
305 , defence of Hyas against large, 
314, small, attracted and devoured 
by Hyas,l\^ , alluring structures in, 
378 , attracted by lures of CerahaSy 
378 , heightened colouring accom- 
panies other excitement as well as 
sexual in, 380 

Fishing- Frog or Angler, bright 
ure of, 378 

FlatidaCy colony of, resembling 
flowers and buds, 304, 304 n 3. 

P'leece, changes of, in tropics, 190. 

Fleeming Jenkin, on the swamp- 
ing effect of intercrossing on single 
variations, xl, xli , influence upon 
Darwin of arguments of, xl, xl n 3, 3 

Flies, see Diptera. 

Flight slow in distasteful butter- 
flies, 279, 323 , of certain Danainae 
displays under surface, 323; Heli- 
conine mimics of Ithomnnae distin- 
guished by, 331, 331 n I , difference 
between model and mimic in, 349 
Floras of the Past : their Com- 
position and Distribution, Prof. 

A C Seward, 44. 

flotelhiy Catopsilia, captured by 
Halcyon chelicutensts, and probably 
by Buthanga assvntlis, 283 

Flonda, H. mistppus ranges to, 
216. 

Flos Rci^tnae, Lagerstroemia^ nest 
of Mictohierax in, 290. 

Floor of the ocean, 20-2 
Flower-like alluring Maniidaey 
378, 378 n 3 , appearance of also 
procryptic, 378 

Flowers and buds, resembled by 
Flatidae, 304, 304 n. 3 ; cryptic 
resemblance to, 318, and surround- 
ings considered by Thayer to be 
resembled by Ithomimes, &c., 322 ; 
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pseudepisematic (alluring) resem- 
blance to, 378, 378 n. 3. 

Fly-catcher seen capturing butter- 
fly, 283 ; seen chasing Lycaenid, 383. 
Foes, see enemies. 

Food, climate, &c., as cause of 
mimicry, 224, 272 (see also External 
Causes) ; concealment effected by 
colour of, 314. 

. Forammifera in classification, 25 ; 
persistence in geological time of, 27, 
28. 

Forest country in S. Africa, defini- 
tion of, 340. 

Form,seasonal change of, in butter- 
flies’ wings, 206-8, 310, 31 1. 

formica y Synemosyna^ mimicry of 
ant by, 253 (Fig l B), 

Fossils, limited information con- 
veyed by, 100, 107 
Fossores (see also classification of 
examples of mimicry, 389-93) • in- 
stincts of, 1 18, 1 18 n I, 1 19, 160-4, 
prophetic instinct of, 119, 163, 164 , 
resemblances between other stinging 
insects and, 278, 376 , see also 2^2 
Foster, Sir Michael, on curiosity 
as the true incentive to inquiry, 
xlvii , on indirect methods of nature, 
101 

Fowler, Rev Canon W. W , on 
ant -1 ike Membracuiae^ 258 (Fig 6), 
259 

Fox, Arctic, aggressive seasonal 
change of, 313. 

France and Lamarck's theory, 98. 
France, 8ooi6t6 Entomologique 
de, Annalea, 21 1, 326, Bulletin, 
381, 382. 

fnngillarius, Microhicfax^ nest of, 
290, 291. 

Fritillaries, pupae of, 152. 

Fritillary, resemblance of /f Ici'ana 
to, 342. 

Frog, Roux’s experiments on egg 
of, 128-30 , allanticryptic resem- 
blance of, 313 

Frohawk on P.pklaeas^ 87 n i. 

From the Greeks to Darwin, 

H F. Osborn, 56 n. 2, 141 n. i, 175. 

Fiy, Sir Edward, on definitions of 
acquired characters, 143-4 
juctformis^ Haemorrhagta^ loss of 
scales by, 365. 

Fulgondae of Commentry Car- 
boniferous, 36. 

Fungi, leaf-attacking, effects of 


resembled by butterflies, 205, 206 , 
by moths and Locustids, 302. 
Further Indirect Evidence 

SUPPORTING A MiJLLERIAN OR 

Synaposematic Interpretation, 
X. 346, 347. 

fuscu 5 ^Artamus,Cdi^iunx\gCrastLa 
core, 286 

Fusilina m the Carboniferous, 27 
G 

gagatcs ,Polyrrhathts , with ant-like 
bug, 254, 255. 

Gahan, C J., on mimicry m Coleo- 
ptera, 236, 237 ; on Mullerian and 
Batesian mimicry m beetles, 237 , on 
life-history and mimicry, 243 ; on 
mimicry of weevils by diurnal Longi- 
corns, 250 , on Longicorns mimick- 
ing weevils and Htsptdae, 261 , on 
Cingalese Clytinae as models foi 
other Longicorns, 349. 

Galapagos Islands, birds greatly 
modified in, 84 n 2 ; dull colours of 
animals in, 225 

Gallon, Francis, on ‘recession to- 
wards mediocrity’, 109,110, on trans- 
fusion of blood and pangenesis, 125 , 
on ‘identical’ turns, 132, 134, 135, 
138 n , on effect of cessation of selec- 
tion, 138 ; definition of acquired 
characters by, 143 , on inflsibiJity^of 
zebra, 298 

Gametes, see germ-cells 
Ganoid fish in early Palaeozoic, 30 
Garden White butterflies [P 
bras suae and P rapae), 93, 147, 148, 
213, 301. 

Gartner on sterility between 
selected races, 78 

Gastropacha quenifolia, 299, 307 
Gastropoda in early Palaeo/oK , 
30; Pteropoda arose from, 41, 4-) 
evolution in, 42; appear in Cambrian, 

42 

Gauchos, skill in killing cattle, 161 
Gazaland, S.E. Rhodesia, attacks 
of birds on butterflies, &€., witnessed 
in, 284 

Geddes, P., on anabolic and kata- 
bollc tendencies, loo-i ; on internal 
causes of mimicry, 224. 

Geikie, Sir Archibald, on age of 
the stratified rocks, 16, 17 ; on geo- 
logical record of time, 19. 

Gemmules of pangenesis, 124-6. 
Genera subjective, 65. 
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General Aggressive Resemblance, 

312. 

General Protective Resem- 
blance, X. 297, 298. 

General Survey of the Causes 
which have Produced Varieties 
in the Humem Species, &c., J. C. 
Prichard, 176-92 

Genetic, see inherent characters, 

141 

Geneva, attack of bird on butterfly 
witnessed at, 282 n i. 

genuha, Salatura^ see plextppusy 
373 - 

Geographical Races or Sub- 
Species Traverse Diagnosis, 11 

75, 76 

Geographical Transition 

FROM APOSEMATIC TO CRYPTIC 

Defence, X 320, 321 
Geographical data, necessity of, 
75 

Geographical varieties, Rothschild 
and Jordan on importance for evolu- 
tion of, XVI , species and, 62. 

Geological Society of Glasgow, 
Transactions of, 4 n. 3 
Geologloal Society of London 
Presidential Addresses of T H 
Huxley to (in 1869), 4, 5, 6, 8, and (in 
1862), 6 , of H Woodward to (in 1895 
ami 1896)* 40 

Geology, Darwin’s disappointment 
at neglect of his early writings on 
196, 197 

geofnetncaj Doliops, mimicking 
weevil, 261 

Geomeindac, decline of cocoon in 
certain species of, 149, 150, colour 
adjustment in pupae of Uropteryx, 
150, 150 n 2, dimorphism in larva 
and pupa of Ephyra, 1 50 , importance 
of attitude in Hybemia, 1 56 , elimina- 
tion of shadow in larva of, 300, 
colour adjustment of larv^ae of, 306 , 
colours in different environments of 
moths of, 307-9; 7 eracoius n-wmxcVtd 
by S. Indian species of, 231 • see also 
349 - 

Gcpbyrea, in classification, 25 , 
see also 27 , slight changes in geo- 
logical time of, 28 ; of early Palaeo- 
zoic, 30; evolution in, 43, 43 
Germ-antecedents, early appear- 
ance of, in A scans egg, 131. 

Germ-cells or gametes, Mendelian 
inferences as to, xxxi-xxxiii ; on the 


halving of the nucleus m preparation 
for fertilization of the, xxxi ; natural 
selection decides between, xxxvi, 
xxxvii, xxxvii n. i, 73 n. i, 135, 137, 
183 ; union m fertilization of, 6on. 3 , 
compatability of, secured by Natural 
Seleclionj 80-2 ; interspecific sterility 
and, 80-2 ; acquired characters and 
the. III, 1 12, distinguished from 
body-cells, 121, 122; early appear- 
ance of precursors of, in development, 
13 1 , inoculated by disease germs, 
136, 184, influence of environment 
on, 137 , variation predetermined m 
fertilized, 137, 183 
Germ-duct, early appearance of 
antecedents of, in Astaris, 131 
Germinal origin of vanation, 
\xxvi, xxwii, XXXVII n l, 73 n. i, 
135. 137. i« 3 - 

Germ-plasm, continuity of, 127- 
36 , illustrated m Diagram II, 127-8, 
130, 131 , resides m nucleus, 128 ; in 
development of ‘ identical ’ twins, 1 34 
Germs, Natural Selection decides 
between, rather than between indi- 
viduals, \xxvi, xxxvn, xxxvii n. i, 73 
n. I, 135, 137, 183 
Gerstaecker on ant-like bug, 254, 

255, 255 (I'lg 3) 

gibbtLoUis, Oxylymma, mimicking 
Dtabroitca, 237. 

Glands ventral of Croesus larvae, 
320 

Glaucopidae mimicking Lycinae, 
231 , mimicking Aculeata, 231 ; evi- 
dence of distastefulness adduced by 
Haase, 231 n 2 
Glenea pulchella, 363 
Gnophos obscurata, 307, 308. 

Goats, Angora, J C. Prichard on, 

187 

Godartia luakejieldit, 52 n. I 
Godman, F. D , on the sexual 
brands of the Dismorphma, 240 , on 
Ecuador form of M confusa, 266 
Godman-Salvin Collection, exam- 
les of Mullerian mimicry from, ex- 
ibited in 1896 and 1897, ^43 
Goodacre on fertile pairing of two 
species of goose, 83 
Goodrich, E. S., definition of 
inherent characters, 142. 

Goose, fertile offspring of Common 
and Chinese, 83, 

gotzms facheloia), Byblia, tendency 
of same seasonal forms of, to inter- 
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breed, 87 ; dry f of, bred from wet, 
341 ; wet f of, a mimic of A. serena 
type, dry f procryptic, 341. 

Gouty diathesis, transmission of, 
discussed by J. C Pnehard, 183, 184 
Gradual Predominance of 
Mullerian Mimicry, X. 342-4. 

Grafted tissues and pangenesis, 
125-6. 

♦Grainger, Benjamin, of Derby, 
distinction between inherent and 
acquired characters suggested to 
J. C Prichard by, 179 
Grammostomum in Carboniferous, 
27. 

Grand Comoro, non- mimetic Pap. 
humbloti in, 373. 

Grapia C- album, 203-5 
Graptolites in Palaeozoic, 28 
Grasses, protective resemblance 
to, 307 ; syncryptic resemblance to, 
312, concealment among roots of, 
318, 323 - 

Grasshoppers [Acrtdtidae)Q{ Com- 
mentry Carboniferous, 36, 37 ; 

mimicry of leaf-carrying ants by, 
260 , value of bright hind wings of, 
303, 304, 325 , colour adjustment of, 
307 ; observations on the courtship 
of, 380 

Gravitation, evidence for, com- 
pared with that for Mimicry, xxvi , 
accepted, though nature not ex- 
plained, 97 , accepted because con- 
sistent with the facts of the Cosmos, 
219, 271. 

Gravity, Effect on Shape of 
Pupae of, V. 15 1-2; effect of on 
pupae not hereditary, 152 
Gray, Asa, see Asa Gray, xxvi, 
66 , 67, 68, 194 n. I 
Great Bift Valley, J VV\ Gregory, 

304 

Green, E E., on tilt of Melanitis, 
300 n. 5. 

Green Hairstreak Butterfly, 301. 
Gregarious Habit, Conceal- 
ment assisted by, X. 304 
Gregarious habit in aposematic 
defence, 318, 323; larvae, transition 
from cryptic to aposematic defence 
of, 319, 320. 

Gregory, Darwin’s work on the 
primrose compared with that of 
Bateson and, xxvii-xxxiv. 

Gregory, Professor J. W., on 
flower-like Flattda^, 304. 


Greyhound, origin of, 83 n. 2. 
Groove of Pierine Pupae, 
Origin or, V. 147-9. 

‘Group', use of, contrasted with 
‘combination’ or ‘association’, 293 
Grove, W. B., on leaf-perforating 
fungi, 205 n. i. 

Growth of MOllerian Resem- 
blance, Advantage conferred 
during, X. 329-31 . see also 349 
Guianas, character of the chief 
Ithomiine-centred combination in, 
350 * see also British Guiana. 

Guinea, J. C. Prichard on black- 
ness in man and animals in, 187. 

Gymnomyxa, the most pnmitixe 
animal forms, 25. 

Gymnosperms in the Palaeozoic, 
45 

H 

Haase, Erich, on distasteful moths 
mimicking Coleoptera and Hymeno- 
ptera, 231 , on evidence of distasteful- 
ncss of Glaucopid moths, 231 n 2 , 
erroneous ideas on ‘ immune ’ species 
of, 318, 375 , figures of, erroneously 
reproduced in Weismann’s Evolu- 
tion Theory, 375, 376 
Habit and Instinct, C Lloyd 
Morgan, 170, 171,212, 268. 

Habits and Life-history, lai- 
portance of in deilrminjm- 
Conditions, VIII. 243, 244 
Habits, see Instinct 
Hae?norrhagta fuci/ormis, 365 , 

— Ittyus (= bomhyliformis), 365 
Hair, of Angora breeds, J C 
Prichard on, 187; protective resem- 
blance to skm or, 359 
halia, Lycorea, possible increase 
in mimetic likeness since 1825-7, 

356 

Halisarcidae unsuited for fossiliz<i- 
tion, 28. 

hahtherses, Euripus, one female 
f. of mimics D. diocletianus [rhada- 
manthus), another P. detone, 373 
Hambantotte, Ceylon, dorippus 
f. of L. chrystppus at, 70 n. 2. 

Hamm, A. H., on cryptic attitude 
of H. leucophaeana, 156; on birds at- 
tackihg cocoons of M, neuslna, i 57 - 
results obtained by, quoted in Essay 
X, 293 , on cryptic attitudes of British 
moths, 301 ; on choice of resting- 
sitcs by butterflies and moths, 301. 
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Hanipson, Sir George, on butter- 
flies mimicked by specially defended 
moths, 231, 232. 

Handbuoh der palaarktiaohen 
Gross- Solunetterlinge, 1896, M. 
Standfuss, 310 n. i. 

Hardness as the special protection 
of a model, 261, 369; defence by, 
compared with sting, smell, &c, 
370 

Hare, Alpine, protective seasonal 
changes ctf, 310, 313 
ham Sly Stictoploea, mimicked by 
male of Mel. maJelas, 372 ; also im 
perfectly mimicked by diurnal moth 
Callamesia midamay and it allies, 372 
376 

Harnson, A. H , butterflies from 
the V Nyanza collected by, 69 
Hart, Horace, assistance in the 
study of paper rendered by, 172. 

Hartland (Pine Lake)^ Wisconsin 
ant-like beetle at, 255, 255 (Fig 4) 
256 

Hartog, Professor Marcus, use of 
Syngamy by, 60 n 3 
Harvard University, Observatory 
of, 90 , Bull Mus Comp Zool. of, 
234, 277 

Hawk-moth, attainment of trans- 
parency in certain species of, 365. 

Head oT model resembled by tail 
of mimic, 254, 368 
Head-like appearance on hind win 
of Lycaenids, 281, 282, 325, 325 
n I 

Heat, see external causes , effect 
of on pupae of Lepidoptera, 311, 
effect of on Teracolus and Belenois, 

31 1, 312 , on Byblia ilithyia pupa, 

341 

‘Heath Butterflies’, meaning of 
eye-spots of, 210 

Heaviside, O , verification of Prof. 
Perry’s calculations by, 10 
Heboinoia captured by bee-eater, 
288. 

hecabe^ Tenas, eaten by bee- 
eater, 288 

hector y Paptlwy mimicked by fe- 
male { of P polytesy 373. 

hegestppus, Salatura, mimicked 
by female E undulans, 373. 

Heifer stenle with one bull, but 
not with another, 79. 

kelaiay Aletts, Mullerian mimicry 
of L. chrystppus by, 232. 


helatoidesy Pkaeagaristay Mul- 
lerian mimicry of L. chrystppus by, 
232. 

‘ Helicomdae as employed by 
Bates, a composite group, 213, 234, 

235 n. I, 327 ; Bates’s chief models 
belong to, 213. 

Heltcomnae (see also Hehcomus ; 
see also classification of examples 
of mimicry, 383, 386-7): examples 
of Mullerian mimicry provided by 
resemblance between Ithomunae 
and, 232 , as models everywhere in 
tropical America, 233, 273 ; as 
models paralleled by Diabroticay 

236 , as models for PtertnaCy 262 , 
pigments of, different from those 
of their Pierine mimics, 262, 263 ; 
wanting from transparent - winged 
Methona-Thyndta-otnixo^ combina- 
tion, 266, darkening in the Guianas 
of mimetic, 272, 273, 331-3, uni- 
formity throughout many species of, 

277 , long confused with Ithomunae, 

278 , Ithomunae mimicked by, are 
not extremely conspicuous, 322 , ab- 
sence of eye-spots in, ^26 ; Bates 
probably misled by mimicry of Iiho~ 
fntinae by, 327 , distinguished by 
flight from their Ithomiine models, 
331, 331 n I , mimicry between the 
two sub-groups of, 331-3, 358, 358 
n I , remarkable resemblance of 
mimetic pairs within the group, 332; 
models within the group far more 
abundant than their mimics, 333 , 
good procryptic resemblance wanting 
in, 332 , warning patterns more glaring 
than those of Ithomunae yiyi\ first dis- 
cussion of Mullerian relation of Pier- 
inae to, ^43: see also 213, generally 
at oncedistinguishableffom Ithomiine 
models, 350; central members of 
Eastern Brazilian combination pro- 
vided by Jthomnnae 2Ln^y3^6, resem- 
blance to Ithomunae remarkable in 
mimicry, 343 ; probable recognition 
of mimetic males by scent, 358. 

Hehcomus, geographical variation 
of, 52 n. I , resemblance to Tithoreaofy 
235; resemblance between Hehcomus 
and MehnaeaUi dos^x than between 
Hehcomus and the nearly allied 
Eueides, 235. 

Hehcomus numata, 331-3; — tele- 

334 n. 2 ; — ihelxtope, 69 ; — 
vesta, 69 ; — vetustus, 332. 
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Heligoland, colour of grasshopper 
in, 307. 

Helmholz, on loss of heat by the 
sun, 13; on energy of sun, 15 n. 2. 

Hemansy mimicry of humble-bees 
by, 251' see also 365. 

Hemi-embryo transformed into 
whole embryo, 129. 

Hemiptera, mimicry of wasps, &c. 
by, 251 ; mimicry of ants by, 254 
255 j 255 (Fig 3), 257 n I ; mimick- 
ing Lycid beetles, 276 , attacking 
specially defended insects, 318 
mimicked by caudal shield of S. fagi 
larva, 369 ; mimicked by larval 
Mantis, 378 n. 3. 

Herbert Spencer, 7, 58, 98, 102 
see Spencer. 

Hereditary transmission of 

ACQUIRED CHARACTERS, QUESTION 
OF, AND THE STUDY OF INSECTS, 
Essay V, 139-72 
Hereditary TranamisBion, Laws 
of Nature in, J. C. Prichard, 178 
Hereditary transmission of acquir- 
ed characters ; see acquired charac- 
ters, of inherent peculiarities and 
predispositions, 180. see also in- 
herent characters 
Heredity, Theories of, Essay 
IV, 120-38 see also I42 n l 
Heredity, a factor of Natural Selec- 
tion, 96 , a factor of Lamarck’s 
theory, 99 ; problem of, 122 , the two 
great theories of, 122, 123, pan- 
genesis and, 123-7 , continuity of 
germ-plasm and, 127-36; ^identi- 
cal’ twins and, 134, 138 n ; mon- 
strosities and, 135-6, darkening of 
N. moths spread by, 309 , di- and poly- 
morphism and, 310; transmission 
of secondary sexual characters to 
a single sex by, 380 

Herlitzka, experiments of, on egg 
of newt, 130. 

Hermit-crabs and crabs, allapose- 
matic defence of British and other, 
3 S 6 > 357 J sea-anemonies, sponges, 
and Ascidians carried by, 356, 357 
Heron, F. A., on need of epigonic 
evidence, 90, on mimicry indepen- 
dent of size, 366. 

Hertwig, O., experiments on frogs’ 
eggs by, 129. 

Hcterocera, see moths. 

Heterochelusy jaw-like third legs 
of, 368. 


Heierortotus trtnodosusy 258 (Fig. 
6), 259. 

Heterostyled condition, meaning 
of m life of plant, xxvii-xxix ; Bate- 
son's and Gregory’s work upon, xxvu, 
xxix-xxxiv ; Darwin’s work upon, 
xxvii-xxix, 90, 91 ; interspecific 

stenlity and, 90, 91 

Heterozygote (as regards any 
character), a fertilized germ in which 
the two allelomorphs of the charac- 
ter in question represent respectively 
Its alternative forms, xxxi, xxxii ; com- 
pare homozygote, xxxi, xxxii. 

Hewitson, W C , disbelief in 
mimetic females of Pap, dardanus, 
57, 57 n. I ; on pairing of merope and 
ntppocoony 57 n i, 72 

Hexapoda in classification, 33 , of 
the Palaeozoic, 34-8. 

HteraciHUiy Mendel’s discovery 
that hybrids of do not follow his prin- 
ciple, XXXV n I. 

Hind wings, bright, of moths, Lz , 

303-4, 325 

Hinde,S L , on flower-like 
304 n 3 - 

hippocoon, female f. of Papthodiu- 
danus (see also dardanus) captured 
in copuld with fneropey 57 n. i , bred 
from ceneay 72 , hippocooriy irophonius, 
and bred from, 72 n. I, changes 
in, near V Nyanza corresponding lo 
those of models, 338, mimicking 
Atfiaurts niavius or its E foim 
domintcanuSy 338, 374, 374 n i 
Hispidae mimicked by Longicorns, 
261. 

Hiss, aposematic significance ol, 
324; mimicked by birds, 324 
Historical Introduction m 
Theories OF Mimicry, VIII. 220-4 
History and Migration may ll 
Inferred from Mimicry, X 

363-5- 

History Inferred from Mimi- 
cry may be Confirmed by other 
Evidence, X. 365-6 
History and migration inferred 
from Mullerian mimicry no less than 
from Batesian, 363. 

HlBtozy of the Inductive 
Soienoei, W. Whewell, xlvi n i 
Hiotory of the Bl»e and Pro- 
greaa of a Single Biological Doc- 
trine, T. H. Huxley, i. 

Hive-bee and Enstalis, 243-4 
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Hobby, butterfly found in stomach also classification of examples of 
of, 284. mimicry, 389-93. 

Holland, W., on larvae of T. popu- Horse, sterile progeny of ass and, 
leh attacked by starlings, 157 n. i ; 78; J. C. Pnchard on the production 

on enemies of D. btfida pupae, 158 ; of breeds of, by selection, 186 , and 
on mimicry of saw-fly larvae by cater- cattle of mountains compared with 
pillars, 239 n i; results obtained by, those of plains by J. C. Prichard, 
quoted in Essay X, 293 , on colour 189. 


adjustment of Cleonusy 307. 

Holothurians unsuited for fossiliza- 
tion, 43 

Homoptera of Commentry Carboni* 
ferous, 35, 37 , mimicry of ants by, 
258, 258 (Fig 6), 259, 280, 369, re- 
sembling leaf-carrying ant, 259, 259 
(Fig. 7), 260, 280, 377 , cryptic resem 
blance of to flowers and buds, 304 
304 n 3 

Homozygote (as regards any char 
acter), a fertilized germ in which both 
allelomorphs of the character in 
question represent the same one of its 
alternative forms, xxxi, xxxii , com- 
pare heterozygote, xxxi, xxxii. 

Honduras, examples of mimicry in 
235 * 

Hong-Kong, L chtysippus at, 88. 

Hooker, Sir Joseph D , Asa (iray 
on, 67 , on effect of external condi- 
tions on plants, 74 ; consulted by 
Darwin on Wallace’s essay (1858), 
194, witfl Huxley in the Rhone 
valley, 202 , references to letters 
from C Darwin to, 59, 60, 63, 67, 76, 
84, 86, from T H. Huxley to, 195, 
to C. Darwin from, 48, 74, 74 n. 3 

Hope Department, Oxford Univer- 
sity Museum, examples of mimicry in, 
xxiv, 231, 235, 248, 249, 272 n. 2 , W 
J Burchell’s collection in, 53, 53 n. l, 
356, butterflies from the V. Nyanza 
m, 69 , specimens of L. chtysippub 
in, 321 n. I , w'ork on diversity in the 
modes by which mimicry is attained 
in, 263 , distasteful moth injured by 
drongo in, 284 , work on the colour- 
adjustment of larvae earned on in, 
306,307, htrn\dii^]Mod\\.tplanemotdes 
female f of Pap.dardanus^ in, 374 n. 3 
Hope Reports, Oxford, 51 n. 2. 
Hopkins, F Gowland, on pigments 
of Ptennac and their models, 262, 

ora© Entomologioae, W. S 
Macleay, 220. 

Hornets, wasps, and humble-bees 
mimicked by moths, 365, 366: see ' 


Hound, origin of, 83 n. 2. 

Hours when Struggle for 
Life most Severe, X 303. 

‘ How ’ and ‘ Why ' . both answers 
essential, xlvi, xlvii. 

Howard, Dr L 0 , on moth 
mimicking beetle, 231 

Hubbard, H. G., examples of 
mimicry captured by, 231. 

Hudson’s Bay Lemming, experi- 
ment on seasonal changes of, 310. 

Humble-bees (see also classification 
of examples of mimicry, 389, 391-2): 
mimetic resemblance of Volucella to, 
not aggressive, 378 
humblott^ PapiltOy of Grand 
Comoro, a non-mimetic member of 
the mimetic African dardanus group, 
373 see also dardanus 
Hume, T H Huxley on, iii 
Humphries, Colonel, on the ancon 
or otter sheep, 185. 

Jluphina 7 iadiim^ 342 , -^phryne^ 
342 - 

Huxll\,T H , and ihe Theory 
OF Natural Selection The 
Huxley Lecture, Birmingham Uni- 
versity (1905), Essay VII, 193-219. 

Huxley, T H., On the Reception 
of the Origin of Speoies, 1 96 , 
Life and Letters of, 48, 78, 195, 198, 
199, 200, 202; President of British 
Association (1870), i ; at the Oxford 
meeting of the British Association, 

2, 3 ; acceptance of per salhun 
evolution by, 4 , on Biology and 
Geological Time, 4, 5 , great demands 
for pre- Cambrian time made by, 6 , 
on tidal retardation, 8 , special value 
of letters of, 48 , on influence of 
Milton, 56 ; discussion of interspecific 
sterility by Darwin and, 77-80,82,201 . 
see also 49 ; Natural Selection not 
'ully accepted by, 77-80, 193 ; answer 
o cnticism of Natural Selection by, 
80-4 ; on evidence, ill; a great 
champion of Natural Selection, 193 , 
Ignorant of contents of joint essay on 
Natural Selection (1858), 195, 196; 
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suggested Causes of ignorance of di- and polymorphism in, 72 ; tran 


joint essay \i055j, 190; m 
views of, 19s ; belief (1859) m trans- 
mutation rather than transition, 195, 
%oo; influence of Origin on, 

200, 201 ; programme of training in 
science (1856), 198 ; voyage of 
EattloBnake, 199, views of, on 
evolution before Origin, 199, 200 ; 
npt essentially a naturalist, 200, 202 ; 
approves system of W. S. Macleay, 
200 , on the basis of scientific con- 
viction, 201, 202, opinions on Natural 
Selection, 201, 202 , with J D 
Hooker in the Rhone valley, 202 ; 
the champion of scientific freedom, 
219, references to letters from C. 
Darwin to, 78, 79, 80, 82, 91, 126, 196 , 
to C. Darwin from, 4, 196, to J D. 
Hooker from, 195 , to C. Kingsley 
from, 77, 78 , to C Lyell from, 195, 
200 , to W S. Macleay from, 200. 
Huxley’s layer of hair, 198, 199 
//j/aj coarctatcj^ 314 
Hybernation, of African insects, 
209, colour adjustment of Z gueni- 
folia larvae determined before, 307 
Hybemia leucophaeana^ 1 56, 
Hybrids which do not follow Men- 
delian principle abundant, xxxv, 
XXXV n I , of Hief actum proved by 
Mendel not to follow his principle, 
XXXV n. I , sterility of, 63, 64, 77, 78 , 
sterility of, due to Asyngamy,8o-4, of 
Common and Chinese goose fertile, 
83 , of Ring Dove and domestic 
pigeon fertile, 83, 84, ‘illegitimate’ 
seedlings of heterostyled plant com- 
pared with, 91 

Hydrocorallina, affinity between 
living and Palaeozoic, 28 
Hydrozoa in classification, 25. 
Hyelosia as mimics of llhomitnae, 
264 , method of attaining trans- 
parency in, 266. 

hylaSf Cephonodes, loss of scales 

by, 365 

Hylophila [Hahas) prasinana, 1 49 
Hymenoptera, the Instincts 
OF, V. 160-6. see also 118, 119, 
146, 147 

Hymenoptera (see also Ants, Bees, 
Fossores, Humble-bees, Ichneumon- 
ids, Saw-flies, Wasps, XylocoptdiU , 
see also classification of examples 
of mimicry, 389-93): late evolution 
of, 38 ; unique interest of the, 52 ; 


sition in mode 01 defence 01 Phyto 
phagous larvae of, 319, 320, best 
examples of instinct supplied by 
Fossonal, 118, 119, 146, 147, 160-4, 
W. S. Macleay and Kirby and Spence 
on resemblance of Diptera to, 220, 
221; mimicry of, by diurnal forms, 
250; mimicry of, in various ways, 
250-60; defence of, evident, 268, 
uniformity in groups of, 278, 279 , 
many examples of mimicry of Bate- 
sian, 376, also Mullerian, 231, 376 , 
Dipterous mimics of, probably not 
aggressive, 378. 

Hymenopus bicornis, 378 n. 3 
Hyolithes in Palaeozoic, 42. 

Hy pants {Bybha) achcloia 

{got2ius), 87, 341. 

Hyperahia^ mimetic of Xylocopid 
bee in Borneo and S Africa, 276 
Hypertely of Brunner von 
Waitenwyl, X 302, 303 
Hypolimnas a genus mimetic of 
Danatnae, 2\6\ ancestral pattern in 
non-mimetic males of, 216, resem- 
blance between non-mimetic males 
of, 245 , probably a distasteful genus, 
and mimicry of Mullerian, 216, 217, 
372, complex nature of miminy ol 
Euploea by, 241 , mimetic species of 
at once distinguished froln models, 

350- 

HyPohmnas [Euraha) anthedon, 
338, —bohna, 245,372 , —dexithta, 
216, — misippus^ 215-18, 245, 247, 

347. 355. 365 n I. 372, 381, 38^. 

— {Euralia) wahlbery^i, 338. 
Hypotheses proposed as suh- 

STlTUTES for NATURAL SELECTION 
AS THE Explanation of Mimicry , 
tic., VIII 224,225: see also 271-2 
Hypsidae (Pencoptdae) as mimics 
of Ilhomttnaef 264 ; method of at- 
taining transparency in, 266 , African 
Hypsid moth seized and rejected by 
wild drongo, 284 

I 

Ibis, vol. 1, 195. 

Jehneumomds (in the broad sense) 
see classification of the examples ol 
mimicry, 390, 392. 

‘Identical ' twins, F. Galton on, 1 
134, 135, 138 n. ; of the same sex, 
132; enclosed in same embryonic 
membranes, 133 ; product of a single 
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ovum, 133 ; distinguished from multi- 
ple births, 133 , development of, 
shown in Diagram HI, 13^, 134, 
after-lives of, 134, 135 ; heredity and, 
134, 138 n. ; predetermined in the 
fertilized ovum, 137. 

Idiosyncrasies hereditary, 180. 
tlitkyia^ Byblia, intermediate f 
bred from wet, 341 ; wet f. conspicu- 
ous, dry f procryptic, 341 , dry 
warmth apparently the stimulus for 
pupae to produce the dry f., 341 
^ Illegitimate ’ unions of hetero- 
styled plants, importance of, xxviii, 
xxviii n 1,90-2 

Illogical Geology, Herbert 
Spencer, 6. 

illunaria^ Se/ema, seasonal changes 
of, 31 

Illustrations of Mimicry, 

CHIEFLY FROM ORIENTAL LEPIDO- 
PTERA, X 370-6 

Illustrations of the Relation- 
ships existing amongst Natural 
Objects, &c , Prof J O Westwood, 
221 

Imagination, Prichard on the effect 
of parental, at the moment of con- 
ception, 1S6 , \ersus memory, 196-8 , 
necessity for the training of, in ' 
youth, 199^ 

‘•Immune an incorrect term ap- 
plied by Haase to models for 
mimicry, 318, also adopted by Weis- 
mann, 375 

Immunity, Warning Colours 

DO NOl IMPLY COMPLEIE, X, 317, 

3 i« 

Imperforata m the Palaeozoic, 27. 
Importance oi* Instinctive 
Aititudes and Movements for 
Mimicry, X. 363. 

Inborn see ‘ inherent characters 
141. 

Independence of mimicry and 
affinity, 229-37, 336, 345 , of size as 
clear in Mullerian as in Batesian 
mimicry, 363, 366, 

India, 70, 269, 317, 324, 342, 349 » 
363, 371,372, 373 , 376. 

% Indirect evidence of birds attack- 
ing butterflies, 270, 270 n i, 281-3, 
290-2, 325, 325 n I. 

IndirectEvidenceSupporting 
Mullerian Mimicry, X 346,347. 

Individual Modification tra- 
verses Diagnosis, II. 73-5. 

F 


Individual Seasonai. changes^ 
X. 310 - 

Individual subordinated to the 
species, 316, 358 

Individual variation a factor df 
selection, 95-6 , difTerence, Weis- 
mann on causes of, 127, 128 ; colour 
adjustment slow in pupae, 149, 150, 
152-4, 305, 306 ; in a cocoon, 149 ; in 
larvae, 152-4, 305-7 , probable tn 
pupae of W sambucaniif 150 n. 2, 
colour adjustment rapid in certain 
Vertebrata, Crustacea, and Cephalo- 
poda, 300, 305, 313 
Influences of locality, inconsistent 
views of J C Prichard on, 191, 192. 

Inherent characters, definition of, 
iio, III, 122, 123, 141, 142 , heredity 
and, 96, 127, 178-85 , somatogenic 
characters less important than, 132-5 , 
somatogenic characters compared 
with, 136 , other terms used to ex- 
press, no, III, 123, 141, 142, 
Weismann's definition of, 142 ; 
Goodrich’s definition of, 142 , clearly 
distinguished as congenital or con- 
nate from acquired characters by 
/ C Prichard (1826), 175, 179 
Injuries to butterfly wings as if 
caused by enemies, 270, 270 n i, 
281-3, 325 • see also 304 
Innate, see inherent characters, 

141 

Innate tendencies, Lamarck’s be- 
lief in, 98. 

tnornata^ Amb/yornis, bower of, 
379 

Ineecta, D Sharp, 257 n. l 
Insectivora, moles of the, resem- 
bled m other Mammalian Orders, 
312, 359 

Insects, especially Lepido- 
ptera, pre-eminently fitted for 
Discussion on Species, II. 50-4 
Insects, and the question 
Are Acquired Characters 
Hereditary.^' Essay V, 139-72, 
Insects, Variable Protective 
Resemblance in, V 152-4 
Insects, the Instincts of, V. 
154-7: see also 1 17-19, 146, 147, 
157-66. 

Insects, bearing on supposed 
Hereditary Transmission of 
Experience, of Mimicry, &c., in, 

V. 166-8. 

Insects in the Palacoroic take 

f 
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Jenkin, Flecmmg, xl, xl n. 3, xli, 
3 : sec Fleeming Jenkin. 

Jenkinson, Dr. J. W., on relation 
between planes of first egg division 
and position of future embryo, 130. 

* Jerusalem Jews ’ unchanged since 
490 A. D on Malabar Coast, 178' see, 
however, 192. 

Jews, see circumcision and Jeru- 
salem Jews. 

Joints, evolution of forms of, 112, 
113; Lmnarckian interpretation of 
forms of, 1 14, 115 
Jordan and Rothschild on per 
scUtum evolution and geographical 
distribution, xvi. 

Jordan, Dr. Karl, on museum col- 
lections as evidence of change, 53 
n 1 ; on correlated and independent 
vanation, 66 n. 2 , on provisional 
nature of diagnosis, 76, 77 ; on 
peculiarities in Madeiran birds, 84 
n 2 ; on ^ mechanical selection ’, 85. 

Judgement of Discontinuiit 
Subjective, Introd , xvn 
Jung and fixity of species, 56. 
Junonta^ captured by bee-eater, 
288 . see Precis, 

Junonta cebrene^ 283 , — orithyia, 
291 

K 

Kala Pani Bungalow, Thundiani, 
King-crow attacking Paptlio near, 
285 

Kallimci, protective resemblance 
of under surface of, 203-8, 302 , 
seasonal changes in, 206, 207 ; re- 
sembling different appearances of 
dead leaves, 310. 

KallimaJ>aralektay 207. 

Kandy Road, Ceylon, bee-eaters 
captunng Ptennae on the, 285, 286 
Karachi, L. chrysippus at, 70 , 
donppus f. of L. chrysippus at, 70 
n. 2. 

kdschmirensiSy Vanessa, captured 
by King-crow, 285. 

Kaye, W. J., results obtained by, 
quoted in Essay X, 293 ; on the chief 
mimetic association of British 
Guiana, 322, 332 ; on exact resem- 
blance of //. numata to M, ntfunuy 
331 ; assistance in ascertaining 
dominance of Melinaea mnenu m 
Bntish Guiana, rendered by, 332 ; on 
upper surface colouring of Protogo- 


musy^si ; on the two sub-groups of 
the nelkoniHaiy 358 n. i; on means 
by which transparency may be 
attained in mimetic Lepidoptera, 
366 n. I. 

Kclvm, Lord, on the age of the 
earth, 2, 19 ; works on geological 
time of, 4 n. 3 ; effect on Darwin of 
views of, 6 ; jubilee of (1896), 9 ; on 
the cooling of the eartn, 10-13; on 
the life of the sun, 13-15 , meteoric 
hypothesis of, 22-4. 

Kendall, May, parody of Darwin- 
ism by, 104. 

Kentish Glory moth, 238 
Kerguelen Land, wingless insects 
in, 18. 

kershawiy the Australian form of 
P. carduiy 85 n. i. 

Kestrel pecking out eye-spot of 
butterfly, 210. 

Khandalla, donppus f of L, 
chrysippus at, 70 n 2. 

Kikuyu Escarpment, the locality 
of polyirophuSy sub-sp. of Pap dar- 
dartus, 374. 

Kmg-crow attacking butterflies, 
285 ; attacking Lepidoptcra, 287 , 
searching for but unable to detect 
Afelamtis, 288, 289 , captunng 

Caiopsiliay 289. , 

Kingsley, Charles, letters on imrer- 
specific stenlily from Huxley to, 77, 

78 , on examinations, 197-8 
Kirby, Rev. William, on resem- 
blances between insects, 220 , utilitv 
of mimicry suggested by Spence and, 
221, 222 

klugiiy see donppus 
Knight-Darwln Law, F. Darwin 
on, 92. 

Koircuter on stenlily between 
varieties, 78. 

Koamoa, 212, 222, 226, 278, 327 

Kupffer’a Feataohrlft, 131. 

‘ Kuppa' 324. 

L 

Lacerta virtdiSy 367 
Lackey moth, 157. 

Lactic acid bacillus^ beneficial 
effect of, 121 n. I. 

La Garde St. Cast, Brittany, 
Boulenger's study of 0, lamarcHana 
at, xxi. 

Lagerstroemia Flos Reginae, 290. 
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laglaisei, Papilio, mimicking Al- Lankester, Sir Ray, on animal 
cidis aurora^ n\. classification, 2;, on classificat 


lms^Elynimas{Melymas)^ mimicry 
and procryptic defence in, 353. 

LAMARCK, Second Law of, in- 
consistent WITH HIS First, V. 
144-7 : see also Lamarckism 

Lamarck, use of term ^change- 
inents acquts^ by (1809), 141 ; laws 
of, 14I. 

lamarcktana, Oenothera, De Vries’s 
evidence for Mutation in Nature 
derived from, xix, xx ; never found 
wild in its supposed native country, 
MX, XXI , fixed hybrids obtained by 
Macdougal, Vail, and Shull between 
0 cruciata and,xxi, xxii , Mendelian 
principle not followed by hybrid 
between O cruciata and, xxxv n i 

Lamarckism (see also Acquired 
Characters and External Causes) 
the theory of evolution originated by 
Lamarck, 97-9 , innate tendency to 
perfection and, 100 , more easily 
apprehended than Darwinism, 101 , 
illustrated by parodies of Darwinism, 
103, 104; acquired characters and, 
110-15, difficulties of, 1 10-15; 
Mammalian skeleton and, 112, form 
of joints and, 1 1 2, 1 1 5 , passive struc- 
tures (eg. hair, colour) and, 112, 
lobster's Ind crab's claws, lizard's 
tail and, 113, 114; protective appear- 
ance and, 1 13; forms of teeth and, 
114, 115, instinct and, 116, the 
cocoon-making instinct and, 117,118, 
157-60, 164; instincts of Hymeno- 
ptera and, 118, 119, 160-6, variable 
protectne resemblance and, 152-4, 
interpretation of instinct and, 154, 
instincts of insects and, 154-66, 
defended by G. J Romanes, 160-1, 
164 n. I, 166; Darwin's argument 
that instincts of worker ants cannot 
have arisen by, 165. 

Lamellibranchiata in early Palaeo- 
zoic, 30 , evolution in, 42 
Lamitdae, mimicry of weevils by 
genus Doliops of, 250, 261. 

Lampreys, 26 ; far lower than 
earliest fossil fish, 30. 

Lancashire and Yorkshire, 
Recent Darkening of Moths 
in, X. 308-10. 

Land -plants, see plants. 

Language a result of environment, 

106. 


of Appendiculata, 33 , on Palaeo- 
phonus, 40 ; assistance rendered m 
Essays I, II, and VI by, 43, 62, 
144-6 ■ see also viii , on Zygosis, 60 
n. 3 , on discarding word ‘ species 
62 , on a historical criterion of 
species, 63, 76 , on Lamarck's use 
of term ‘acquired', 1410 2; on ir 
Edward Fry’s criticisms, 143 n. 3 , 
on inconsistency of Lamarck’s laws, 
144-6 , on ‘ educability ’ versus 
instinct, 165-6 
Lappet moth, 299, 307 
Larvae of British Butterflies 
and Moths, W. Buckler, 152 
Larvae (for Lepidopterous see 
caterpillars see also larval stage) 
reasons for passive defence of, 156, 
mimicry by caterpillars of saw-fly 
(Tenthredinid), 238, 239, 239 n 1 , 
sudden assumption of aposematic 
movements and attitude by saw-fly, 
238, 239, 319, 320, ant mimicked by 
NabiSy 257 n i , leaf-carrying ant 
[Atta) with its leaf mimicked by 
Membracid, 259 (Fig 7), 260, 280, 
377 . bugs (Hemiptera) mimicked by 
Mantid, 378 n 3 

Larval stage, a mimetic appearance 
prepared beforehand in, 242, 243, 
244 , diverse conditions in same 
locality determined by, 243, 244, 
276, 277 , seasonal phases determined 
by influences upon, 31 1, 312. 

Latent Lpigamic characters, 380 
latenula, Lycovwrpha, mimicking 
Lygistopterus rubyipenms, 231. 

lativentf is, iXabis, larva of, mimick- 
ing ant, 257 n i. 

Latter, 0 H , on secretion for 
opening D vinula cocoon, 159 
Laurentian omitted from discus- 
sion of age of earth, 27, 28 
‘Laws of Growth’ and mimicry, 
224, 225 

Laws of Lamarck Incon- 
sistent, V 144-7 
Laws of Lamarck, 1 41 
Laws of Nature m Hereditary 
Transmisaion, J C Prichard, 178- 

Laws of the Animal Economy 
in regard to the Ber^tary 
Tranamlasion of Peoullarities of 
Structure, J. C. Prichard, 178-85. 
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L«y Sermoni, &c., T. H. Huxley, 
198. 

IiMder, 58 n. 1. 

* Leaf- butterflies ’ (Kallima)^ 203- 
8, 302,310 

Leaf-carrying ant {AUa) with its 
leaf mimicked by larval Mcmbracid, 
259> 359 (Fig. 7), 260, 280, 377; 
mimicked by Acridian {Tetttx), 26a 
«Leaf-stalk, protective (procryptic), 
resemblance to, 351. 

Leaves (see also dead leaves) 
protective (procryptic) resemblance 
to, 203-8, 289, 298-9, 300 n 5, 301, 
302, 304, 322, 360 , procryptic 

resemblance of butterflies to, 203-8 
289, 299, 300, 300 n 1,301,310,311 
322, 351, 353, to shadows cast by 
dead, 299 , of moth and Locustid to 
injuries caused by fungi and larvae 
in, 302 ; of gregarious larvae to brown 
patches on, 304 , colour adjustment 
of larvae to, 306 , procryptic resem 
blance to drifting, 360 , aggressive 
(anticryptic) resemblance to effects 
of, 313, warning (aposematic) con 
spicuousness against, 318. 

Lecture on Mimicry at Leeds 
meeting of British Association (1890) 

E. B Poulton, 293, 2990 1,365,370 

376, 377. 377 n 2 

Lectures to Working Men 
T. H. Huxley, 78. 

Leech Collection, specimens of 
Ltmemtis albomactilata, Athyrnu 
punctata^ and their model in, 381, 
382. 

Leeches, Chaetopod-like ancestor 
of, 27. 

Leeds, lecture on Mimicry at, see 
lecture. 

Leigh, G F., on donppus f of 
L, chrysippus in Natal, 71 n. i ; 
males and mimetic females of Pap, 
dardanus bred from single mimetic 
f. of, by, 72, 72 n. I, 

Lema mimicking Dtabrotica and 
Ctrotoma^ 237. 

Lemming, experiment on seasonal 
changes of Hudson’s Bay, 310 ; pro- 
tective (procryptic) seasonal change 
of, 313. 

Leptdiota btmaculata^ 368. 
Lepidoptera especially fitted 
FOR Discussion on Species, 1 1 . 
50-4, 

Lepidoptera chiefly Orient- 


al, Illustrating Mimicry, X. 
370-6. 

Lepidoptera (see also butterflies 
and moths : see also classiflcation 
of examples of mimicry, 383-92) 
seasonal changes of, see season^ ; late 
evolution of, 38 ; as sensitive registers 
of change, 50-4 ; ‘ mechanical selec- 
tion ’ in, 85 ; as evidence m discussion 
of acquired characters, 146 , adapta- 
tion in as evidence for Natural Selec- 
tion, 203-18, too exclusive study of 
mimicry in, 229, 272, 273 , mimicry 
in par^Ieled by that in beetles 
(Coleoptera), 236, 237 , predominant 
mimicry in S. American, 248 , 
mimetic likeness attained m various 
ways by, 262-6 ; transparency 
attained in various ways by, 263- 
6; evidence of distastefulness m 
mimicked groups of, 279, 279 n. i . 
see also 268-9, 316-17, majority of 
mimetic resemblances Mullerian and 
not Batesian, 348 
Lepidopterorum Roulae Bio- 
logia, 1890, C. Portschinski,3i6,324 
Lepidotic acid, see unc acid, 262-3 
L^tahdes^ see Disynorphina^ 239- 
40, 265-6. 

Uucocyma, Elymnias [Afelynias 
malehis)^ male and female of, mimick- 
ing different Euploeas, 372'. 

leucophaeana^ Hybcrnia^ cryptic 
attitude of, 156 

Leuthstrom, Dr C A., ant-like 
beetle in grounds of, 256 
ievana, Araschma, mimetic inter- 
pretation of seasonal forms of, 342 
Lewes, G. H., on instinct as lapsed 
intelligence, 166. 

Lichen, protective (procryptic) 
resemblance to, 298, 306, 307 ; syn- 
cryptic resemblance to, 312, 359 , 
colour adjustment of larvae to, 306, 
307 ; disappearance of, in Lancashire 
and Yorkshire district, 308, 309. 

Life and Lettara of Charles 
Darwin, F. Darwin, xxvi, xxix, xl 
n. 37 37 4» 6, 59, 60, 66 n. 3, 67, 75. 

S 3 f 86, 91, 92, 95, 126, 196, 197, 200 ^ 
Life and Lettere of Thomas 
Henry Huxley, L. Huxley, 48, 78, 
195. 198, I99» 2<», 202, 

Life- History and Habits, Im- 
portance OF, IN determining 
Conditions, VII I. 243, 244. 

Life of gun, see Sun. 
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Life, origin of, unknown, 95. 

Life, struggle for, and Natural 
Selection, 96 ; waste of, prevented by 
warning colours, 316 ; tenacity of, in 
species with warning colours, 316; 
saved by Mullerian mimicry, 327-8. 

Light, stimulus of, in aajustable 
protective resemblance, 305. 

Limacina appears m Tertiary, 42. 
Limbs, origin of Vertebrate, 108-9. 
LimemtiSy conspicuous and pro* 
bably distasteful, 218, [Bastlarckta) 
N. American species of, mimicking 
A. plextppuSt 274; resemblance of 
prorsa f. of A. levana to, 342 

Limemtis albomaailata, 217, 381, 
382 ; — {Bastlarckta) aslyanax^ 274 , 
— popuh, 315, 316 
Limit to Mullerian Unifica- 
tion OF Warning Colours in any 
Country, X 336-9 
Ltmnas chrysippus^ 70, 71, 88, 89, 
215, 232, 249, 320, 321, 336, 354, 

355-364, 372, 374 

Limulus, allied forms of, in early 
Palaeozoic, 30 ; appears in Trias, 40. 

Lingula, among the earliest fossils, 

5 , persistence of in time, 43 
Linnaean Conception ot Spe- 
cies as Fixed, II 54-9 
Linnaean definition of species, 54 , 
dwignosistif species, 58. 

Linnaean Society of London, 
Transactions of, 85, 21 1, 220, 221, 
222, 246, 279, 327, 327 n i, 331 , 
Zoological Journal of, 218 n 2, 
220, 282 n. 2, 300 n, 3 ; Darwm- 
Wallace, Joint Bssay read before 
(1858), 194, 379 ; Author’s paper read 
before, the original form of Essay 
VIII, 220, publication of memoirs 
on Mimicry by, 222. 

Linnaeus (see also Linnaean) on 
abandonment of conception of, 62 , 
interval between Darwin and, 66. 

Lion, aggressive resemblance of, 
312. 

‘List’ or tilt of butterflies, 289, 
300, 300 n. 5, 301. 

Lizard examining eye spot of 
butterfly, 210, ternfied bysnake-like 
caterpillar, 367. 

Lizards, value of power of throwing 
off tail possessed by, 114, 325, in- 
direct evidence of attacks of, on 
butterflies, 281-3 > preferences of, 

286 ; aposematic sounds of, 324. 
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Lobster moth, larva of, 253 (Fie 
2), 254, 369 

Lobster throwing oflf claw, 113 

Local conditions, J. C. Prichard 
on adaptation to, 188-92. 

Local influences, inconsistent v lews 
of J. C Prichard on, 187, 191, 192 

Locality, influences of, see External 
Causes. 

Lock, R H., on the dominance of 
discontinuity, w n 2, on discon- 
tinuity and colour changes, wii, xvii 
n I , on Mutation, xvii, xvii n 2, 
on Bateson’s and Gregory’s work on 
the primrose, wvii , exaggerated esti- 
mate of the importance of Mendelisni 
by, xwiij, x\x\i, xxxvii n 2 , on the 
importance of Mendelism in artificial 
selection, \\\v , erroneous statement 
of Darwin's opinion by, \1 n 2 
Locustidae (Protolocustidae) of 
Commentry Carboniferous, 36, 37 , 
mimicry of ants by, 256, 257, 257 
n I, 258 (Fig. 5), 280, procryptic 
resemblance to leaves of, 302 ; 
specially defended insects attacked 
by, 318, 

Longicorn beetles (see also classifi- 
cation of examples of mimicry, 390-3) 
mimicry m relation to life-history of, 
243 , reduction of elytra m mimetic, 
252 

Longstaff, Dr G. B , results ob- 
tained by, quoted in Essay X, 293 , 
on concealment of C pumilu'^^ 300, 
on reduction of shadow by attitude 
of butterflies, 300, 301 , on choice ol 
resting-sites by butterflies, 301, 301 
n 6 , on daylight hours when butter- 
flies are at rest, 303 , on epigamic 
and aposematic scents m African 
butterflies, 316, 317 n i , on jaw-like 
third legs of Heierochelus^ 368 
Lophius piscat 07 tus, 378 
Lord Kelvin, see Kelvin 
Lowell, James Russell, parody of 
evolution by, 104-5 

Luebo, on S. branch of Congo, 
type f of L chystppus from, 321 
n. I. 

/ vioemdae, value of head-Jike 
appearance at posterior end of, 281- 
3 f 3257 325 n. I , meaning of ‘ tails ’ 
and ‘eye-spots ’ on hind wings of, 325, 
325 n. I ; wing-fragments probably 
of, in nest of Murohterax, 291 ; 
station diflferent from that of model, 
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4. ckrysippusj preferred by certain, 
349 - 

Lycidae (see also classification of 
examples of mimicry, 389-91, 393): 
moths which mimic are themselves 
distasteful, 331 ; mimicry in relation 
to life-history of, 243, 276. 

Lycomorpha laiercula^o. Glaucopid 
moth mimicking Lyctnae, 231. 

Lycorea {Danmnae) included in 
Ifhomiinae by Bates, 327. 

Lycorea halta, 356. 

Lyell, Sir Charles, on ocean basins, 
21 , letters from Darwin to, 56, 75, 
83 , letters from Huxley to, 195,200, 
consulted by Darwin on the joint 
essay (1858), 194, 

Lygistoptenis rubnpennts^ 231. 

M 

Macan, Dr R. W, assistance 
terminology rendered by, 61 n. i. 
Macao, L chrysippus at, 88. 
macareus, Paptho, a mimetic 
species not attacked by bee-eaters 
288 

Macdougal, Vail, and Shull, fixed 
hybrids between 0 lamarckiana and 
0 emetata obtained by, xxi, xxii 
see also xix n. 5, xxxv n. i 
Macleay, \V S., Huxley’s letter to, 
approving system, 200 ; on the prin- 
ciple of Analogy, 220. 

Macroclejmnys temminckiiy 378. 
viacrophylluffi, Eupatorium, fre- 
quented by chief mimetic butterflies 
of Bnlish Guiana, 322. 

Macrura evolved earlier than 
Brachyura, 40. 

maculosay Duicftsia, a distasteful 
moth seized and dropped by a 
drongo, 284. 

Mad^ascar, 57 n. i, 216, 245, 
373 * 

Madeira, many beetles wingless in, 

18 ; birds slightly modified in, 84, 84 
n. 2. 

Maize, Gartner on, 78. 

Malabar Coast, 178, 187 • see also 
192. 

McUacosoma neuslna, 157. 
Malacostraca in Palaeozoic, 39, 40. 
Malaya, 248, *52, 333, 367. 

Male, Mimicry, &c., more 

CHARACTERISTIC OF FEMALE THAN, 
VIII. 244-7: see also 215-17, 279, 

373-5* 


Male Mimicking Male of 
Model, Female its Female, X. 
371. 

Male and Female Mimicking 
Different Speqes, X. 372. 

Male non-Mimetic: Female 
Mimetic, X. 372. 

Male, ancestral appearance pre- 
serx'ed in non-mimetic, 244-7 > f^xcept 
in mimicry less ancestral than female, 
245 - 

Male parent, Prichard on the sup- 
posed influence of on offspring, 185 
Males, non-mimetic, of mimetic 
females tend to warning colours and 
to become models, 347 ; rivalry 
between for possession of females, 
379 - 

malelaSy Melynias {Ely mm as 

leucocyma)y male and female of, 
mimicking different Euploeas, 372 
Malvern, Durban, Natal, recent 
incursion of N. butterflies into 
neighbourhood of, 52 n i , attack on 
butterfly witnessed at, 283 
Mammalia, disputed remote an- 
cestry of, 26 , rapid evolution of brain 
in higher, 29, brain of higher, com- 
pared with that of man, 29; brain 
evolution in, 107-8, skeleton of and 
Lamarckism, 112, experiments on 
Indian insect-eating, 269; warni^ig 
colours of, 315 , mimicry by tree- 
shrews of squirrels, 367, 367 n i , 
mimicked by chafer, 368. 

Man, brain of, compared with 
mammals, 29, evolution in brain 
of, 108 , division of labour among 
tissues of, 121 , J. C. Prichard on 
adaptation to locality and climate of 
races of, 190, 191, snake-like cater- 
pillars terrifying monkeys and, 367 
n. 2. 

Hanoheiter Miorosoopical So- 
ciety, Tranflaotlons of, 366 n. i. 
Mandalay, 29I n i. 

Manders, Lieut.-Col. N., on donp- 
pus f. of L, chrystppus in Ceylon, 

70 n. a. 

Mantidae attacking specially 

defended insects, 318; alluring' 
flower-like colours of, 378, 378 n. 3 , 
colounng of, also procryptic, 378 , 
Reduvnd bug mimicked by larvae of, 

378 n. 3. 

mapurilOf CotupatuSy warning 

colours of, 315. 
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Mare and quagga, supposed en- 
during effect of cross (telegony), 185 

Manco wood-shrike, 283 

Maxine Invertebrate Fauna 
near Dublin, G. Y. and A. F Dixon, 
31411.1. 

martguensis , Brady arms ^ capt urmg 
Sarangesa eltminata, 283. 

Mars, the question of water on, 14. 

Marshall, Guy A K , on donjypus 
f. of Z. ckrystppus in Rhocfesia, 
71 n I ; experiment? on seasonal 
dimorphism of, 72-3 , on seasonal 
changes in S. African butterflies, 
208 , on Kestrel examining eye-spot 
of butterfly, 210 , members of mimetic 
combinations captured on one day 
by, 24^ , on a Rhodesian ant-like 
Locustid, 257 n. I , evidence of 
special defence in conspicuous insects 
obtained by, 268, 269, on Asihd fly 
mimicking Xylocopid bee m S Africa, 
276 , on complex S African combina- 
tion with Lycid beetle models, 276 , 
indirect evidence of attacks on butter- 
flies obtained by, 281-3 J direct 
evidence of attacks by birds on 
Lepidopiera obtained by, 282-4 » 
results obtained by, quoted in Essay 
X, 293 : see also viii, 382 , experi- 
ments on seasonal forms of Piennae 
n^de by,* 311, 312, on absence of 
‘ eye-spots' from the chief distasteful 
butterfly groups, 326 , on the bio- 
nomic classification of ‘ eye-spots 
326 , Batesian mimicry favoured by, 
328 , on ‘ stink-glands ’ of tolaents^ 
334 n. 2 , on Precis naialensts, a 
mimic of Acraeas, 339, experiments 
on the physiological stimulus in 
seasonal dimorphism of Precis made 
by? 340> 341 > uncertain results of 
above-named, 340 , proof by breeding 
of the specific identity of the wet 
and dry season forms of following 
species obtained by — Precis sesamus 
(1898), 339, 340: P. anitlope (1902), 

340 . P, actia (1903), 340 P. ceryne 
(^905), 340 , dry f. of Bybha gofsius 
bred from wet by, 341 , intermediate 
f. of B. ilithyia bred from wet by, 

341 ; dry warmth proved to be 
probable stimulus to the pupa of 
Byblia by, 341 ; on wet f. of B.gotzius, 
a mimic of Acraea serena type, 341 ; 
on a wonderful Lycid-beetle-centred 
Mullerian combination, 276, 344 ; 


on monkeys ternfied by snake-like 
larva, 367 n 2 , on S African Longi- 
corns mimicking weevils, 369, on 
conspicuousness of large African 
weevils, 370 

Marsupialia, mole-like forms of, 
312. 

Materials for the Study of 
Variation, W. Bateson, generally 
quoted as On Variation, xiii-j^i, 
xix, xxviii, wviii n 2, x\xiv, xxxvii 
n. 2, xl-\liii, 4 see also Bateson, W , 
exaggerated estimate of importance 
for evolution of, \iv, disparagement 
of other lines of inquiry m, xli-xliii , 
unreasonable disparagement of Em- 
bryology in, xlii, xliii 

Maternal impressions, supposed in- 
heritance of, rejected by] C Prichard, 
186 

Mathematical Statement of 
Advantage Conferred by Per- 
fected Mulleri\n Resemblance, 
X. 328, 329 

Mauritius, sea-anemones and 
Ascidians cairied by crabs and 
hermit-crabs in, 357 

Max Muller, Professor, on neces- 
sity for defining words, 46 

Mayer, A G , on fewness of 
colours in Ithomnnae as compared 
with Papiltonuiae, 234, 277 
‘ Meadow-brown ’ butterfly, 210. 
Mechanical Incompatibility, 

ASYNGXMY Ab A CONbEQULNCF OF, 

n. 85. 

‘ Mechanical selection 85 
Medical faculty [m 1889] and 
heredity, 136, 137 
inegalocephala, A scans, germ- 
antecedents in one of first two cells 
ofegg, 131. 

Melanism, recent increase or, m 
N of England, 308, 309, 309 n i 
Melamtis, cryptic effect of slanting 
position of, 2S9 , T R. Pell, C T 
Bingham, and E E Green on tilt of, 
300 n. 5. 

Melaniits zitenius, 288, 289 
Meldola, Professor Raphael, on 
the pow'er of Natural Selection, 153 , 
on Mullerian mimicry and trans- 
mission of acquired characters, 167 ; 
on Prichard’s anticipation of mc^em 
views on evolution, 174 5 lizard 
attacking eye-spot of butterfly ob- 
served by, 210 ; Fritz Muller’s theory 
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of mimicry brought forirard aud 
supported by (1879), 213, 213, 323; 
letters from Darwin to, 225, 228, 
373 n. I (although Mddola's 
name is not mentioned in this foot- 
note) ; on uniformity throughout 
nauseous groups of butterflies, 234, 
278. 

Mehnoia^ a central type of Itho- 
mwne pattern, 234 ; Heltcomus re- 
sembles the nearly related Euetdes far 
less closely than it does the remote, 
235 ; Danaini and Euploetni com- 
pared with Helicomus and, 334. 
Melinaea 7 nntfne^ 33 1 “3 
Meltnda^ sec Ttrumala, 

Melsettcr, Gaialand, S.E 
Rhodesia, attack of drongo on dis- 
tasteful moth witnessed at, 284. 
MelymaSy see Ely in mas 
Melymas malelas (Eiymmas leuco- 
tyma), 372. 

Melyrtdae mimicking Lyndaey 
276. 

Membiaadae, protective (pro- 
cryptic) resemblance developed in 
shield rather than in insect itself, 
359 ; mimicry of ant developed 
in shield rather than in insect itself, 
258, 258 (Fig. 6), 259, 280, 369, 
resemblance to leaf-carrying ant with 
its leaf, of larval, 259, 259 (Fig. 7), 
260, 280, 377 

Memory versus imagination, 196-8. 
Mendel, Abb6 Gnegoire, the great 
discovery of see Mendelian prin- 
ciple, Weismann’s discoveries appro- 
priated under the name of, xiii, xxxvi, 
xxxvii, xxxvii n. I. 

Mendelian principle in heredity, 
discovery of, xxix , rediscovery of, by 
De Vnes, Correns, and Tschermak, 
xxix ; nature of, xxix-xxxiii ; infer- 
ences from concerning the germ- 
cells, xxxi-x 3 cxJii ; a fascinating addi- 
tion to knowledge, xxxiii ; value of, 
XXXI V, XXXV ; probable immense im- 
portance of in Artificial Selection, 
XXXV ; the importance of, greatly 
exaggerated, xhi, xiv, xxxvii n. 2 , 
affords but little help m solving the 
problem of evolution, xxxiii-xxxv, 
abundant hybrids which do not follow 
the, XXXV, XXXV n. i ; proof by Mendel 
himself that hybrids of Hieractum 
do not follow the, xxxv n. i ; Correns 
on limitation of, to crosses between 


vanctics, xxxv n. 2 . increasing com- 
plexity in the hypothetical germinal 
mechanism su^^sted by, xxxvii n. 3 ; 
Natural Selection and, xxvi-xxxv. 

Mendelian work on heterostyied 
condition of primrose, xxix-xxxi ; 
impossibility of long continuance of, 
XXX n. I ; limited conclusions to be 
inferred from, xxx, xxxi. 

Mendelism, Mutation, and 
Natural Selection, Introduction 

xiii-xlviii. 

Mendelism and Natural 
Selection, Introd. xwi-xxw. 

Mendelism and Natural 
Selection, no Essential Diver- 
gence between, Introd. xxxvi-xli 
mendicay Spilosoniay aposematic 
attitude of, 324 

mtphtttcay MephitiSy warning 
colours of, 315 

Mephitis mephitua, 315 , — suJ/<>- 
cansy 315 

Mercury, susceptibility to, heredi- 
tary, 180. 

mertaneSy Papt/io, non-mimetic 
ancestor in Madagascar of African 
species of Pap, dardanus with 
mimetic females, 245, 373 see also 
dardanus 

meropCy the W sub-sp. of Papiho 
dardanus, 374 • see also dhrdanus^ 

M crops philtpptnuSy 285 , 286 , 289 , 
— swmhoet, 287 . 

Meroslomata, great development 
of, in Silurian, 4a 

Memfield, F., results obtained by, 
quoted in Essay X, 293 ; on seasonal 
changes in British Lepidoptera, 31 1 
Mesozoic time, waste and sedi- 
mentation in, 16; Scudder’s views 
on evolution of higher insects in, 35 , 
Angiosperms appear late in, 45. 

Metaphyta compared with Froto- 
phyta, 120. 

Metazoa, originate from Protozoa, 
23; the meteoric hypothesis and, 

24 ; place m classification of, 25 , 
evolutionary history of phyla of, 26 , 
27; pre-Cambrian evolution in, 311 
compared with Protozoa, I 30 , 

Metazoon, development of illus- 
trated description of Diagram IF 
127, 128, 130, 131. 

Meteone dust on ocean floor, 20 ; 
hypothesis of origin of territorial life, 
23-4. 
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Meteors, sun's energy perhaps 
increased by, 14. 

Methona con^sa^ 264-6. 
Metschnikon, Dr. Elias, on the 
lactic acid bacillus, 121 n. i. 

Mexico, L. astyanax enters from 
N., 274. 

Mtcrohierax coeruiescensy 289-91 , 
— eutolmuSy 290 ; — frtngtllartusy 
290. 

midamay Callainemiy belonging 
to the distasteful Zygaenidae {Chal- 
cositnae)y a Mullerian mimic of 
Euploeas, 372, 376; moths allied to, 
are similarly Mullerian mimics of 
same Oriental models, 376 
Midland Naturalist, 120, 142 
n I. 

Midland Union of Natural 
History Societies Author's Presi- 
dential Address (1889) the 
foundation of Essay IV, 120 
Migration and History ma\ 
BE Inferred from Mimicry, X 

363-5 

Migration of insects, 93 , of butter- 
flies in Ceylon, 285 ; in Burma, 289, 
history and, to be inferred from 
Mullerian mimicry no less than from 
Batesian, 363-5 

Migrati^ry birds of W China, 
interest in the study of, 217, 218, 
382 

Mikado, 302 

Milton, John, influence of, on belief 
m special creation, 55, 56, 

Mimetic, see mimicry. 

Mimetic Attraction, F A. Dixey, 
328 n I 

Mimicry, E. B. Poulton, in Diet 
philos. and psyohol., J. M Baldwin, 
312 n 2, 360 n. i. 

Mimicry between Butterflies 
of Protected Genera, R. Meldola, 

234. 

Mimicry in Butterflies of the 
Genus HypoUmnas, E. B. Poulton, 
247 n. I. 

Mimicry, &c , bearing of, upon 
supposed Hereditary Trans- 
mission of Experience, V. 166-8 
Mimicry, new Interpretation 
OF AN old example of, VII. 2II-18. 

Mimicry, Natural Selection 
THE cause of Common Warning 
Colours and (Theories of 
Mimicry), Essay VIII, 220-70. 
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Mimicry and Natural Se- 
lection, Essay IX, 271-82 , Appen- 
dix to Essay IX, containing evidence 
of birds attacking butterflies, 282-92. 

Mimicry, Place of, in a 
Scheme of Defensive Colora- 
tion, Essav X, 293-382 , for divi- 
sions, sub-divisions, sections, &c., of 
Essay X see Contents, pp 293-7 
Mimicry Mullerian, Common 
Warning or Synaposematic 
Colours, X 327-56 , for sections 
and sub-sections see 295-6. 

Mimicry Mullerian (Synaposem- 
atic or Common Warning Colours) 
see under Mimicry Protective, &c , 
Historical Account, where the refer- 
ences to both theories are combined 
see also under Mimicry Protective, 
See , Relation to Mullerian Mimicry, 
and Bearing upon Theories of Evo- 
lution , order in which to undertake 
study of examples of, x\v, wvi, 336 , 
long delay in appearance of (1862- 
1879), 327 n. I , reasons for slow' ac- 
ceptance of, 213 , place of in a 
scheme of the bionomic uses of 
colour, 226 , logically a section of 
warning colours, 327 , mimetic 
patterns derived from warning and 
remaining warning, 349, protective 
(pseudaposematic) mimicry is decep- 
tive while Mullerian (synaposematic) 

IS a genuine w'aming, 360, evolu- 
tion of a hypothetical example of, 
329-31 ; associations of, with special 
(aposematic) protection, 335, 336; 
between models themselves, 211-15, 
222 , effect of mimics on stability of 
model in, 336 , uniformity m 
nauseous groups of butterflies, 234, 
277-9, uniformity in species of 
wasps and Fossores, 278, 376, high 
degree of special protection accom- 
panied by, 335 , perfect m highest 
degree when special protection 
highest, 335, 336, young enemies 
and the evolution of, 167, 167 n 2, 
212, 268,329-31,3^6, terms ‘com- 
bination’ or ‘association’ used in 
connexion with, 293 , a combina- 
tion exhibiting, called ‘Mimicry- 
Ring’ by Professor Weismann, 376 ; 
methods of defence in the same com- 
bination may be various, 230 ; more 
evidence wanted of simultaneous 
occurrence of members of combina- 
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tions exhibiting, 248 ; especially 
found m temaJc, 244-7 » mimics ex- 
hibiting may extend beyond range 
of models, 215-18, 247, 549, 381, 
382 ; migration and, 363-4 ; inde- 
pendent of size, 3^, 367 ; erro- 
neously supposed not to exist 
between remote forms, 229-32 ; 
between groups of various degrees of 
affinity, 229-34; examples of, pro- 
bably not truly indistinguishable to 
enemies except when species arc 
closely allied, 329 , discnminating 
features persist even in closest re- 
semblance, 349, 350, recognition of 
sexes perhaps specially provided for 
350, 358 ; Dr. F. A Dixey on 
Diaposematic or Reciprocal Resera 
blancc characteristic of, 213, 344, 
345 ; Dr. F. A. Dixey on secondary 
345 ; a mimetic common ancestor of 
divergent mimetic group best ex 
plained by, 352, 354 , consistent 
with di- and polymorphism in niimi 

cry. 355 . 356. 

— tvidenie in favour i/:— sup 
plied by the tendency of the like 
nesses to run in groups (a), 346 
by dominance of mimetic species 
and groups {b), 346, 347 , diver- 
gent mimicry in species of same 
group (c), 347 ; warning patterns of 
non-mimetic males and non-mimetic 
species of mimetic groups (d), 347 , 
occurrence of mimetic species in 
warningly coloured groups (^), 347 , 
mimicry of the non-mimetic males 
and non-mimetic species of mimetic 
groups (/), 347: see also 217-18,348, 
349> 37*j 375 i mimics more con- 
spicuous in certain points than 
models (/), 347 , closeness of mimi- 
cry between the admittedly dis- 
tasteful groups (A), 347. 

— Examples of see classification 
of examples of Mullerian and 
Batcsian (Protective) mimicry, 383- 
93. The examples are not discrimi- 
nated, inasmuch as the interprctatiom 
IS stiU under discussion : see 328. 

Mimicry, Protective and 
Aggressive ; Pseudaposematic 

AND PSEUDEPISEMATIC RESEM- 
BLANCES, X. 358-78. For divisions, 
sections, and sutf-sectioos see 296, 

2^ ; place of m a scheme of the 
bionomic uses of colour, 226. 


Mimicry, Various uses of 
Term : the Essential Element 
in, X. 359-61. 

Mimicry, Protective (Bate- 
sian) or Pseudaposematic Resem- 
BLANCE, X. 361-76. For sections 
and sub-sections see 296, 297. 

— Historical A ccouni of M tillertan 
history of, 220-4; re- 
cognition of, shown in termination 
-formts, 221 ; Kirby and Spence 
(1817) on, 221 ; utility of, suggested 
by Kirby and Spence, 221 ; W. S. 
Macleay (1819 and 1821) on, 220, 
Rev. W. Kirby (1823) on, 330, 
Boisduval (1836) on, 331 ; J O 
Westwood (1837) on, 221 ; H. W. 
Bates (1862) on, 85,86,211,212, 220, 
221, 222, 223, 224, 226,327; theory of, 
included in cryptic resemblances by, 
359, A R Wallace (1866) on, 222, 
223, 226, 327 , Roland Trimen 
(1872 and 1897) on, 222, 233 n. 6, 
Fritz Muller (1879) on, 166-8, 
211-15, 222-4, 226, 278, 327, 328, 

342- 4; F Muller and C. Darwin on 
sexual selection as cause of, 235, 272 , 
R. Meldola (1879 and 1882) on, 223 , 
defence of Muller's theory by, 212, 
213,234,278; F Moore (1883) on, 
223; Bl^iston and Alexander (1883, 
1884), 328, 329, 329 n I , E. B 
Poulton (1887, 1890, and 1897) on, 
223, F. A. Dixey (1894, i8^, and 
1897) on, 213 n. I, 223 ; support to 
Muller’s theory afforded by, 2 13, 223, 

343- 5; W. F. H. Blandford (1896, 
1897) on, 343; A G. Mayer (1897) 
on, 234, 277. 

definition of, 358-61 , 
place of in a scheme of the bionomic 
uses of colour, 226 ; false warning 
the essential element in, 344, 360 , 
accidental resemblances distin- 
luished from, 247, 357 ; other super- 
icial resemblances distinguished 
from, 313, 359, 360; confusion 

caused by term, 140, 361 ; various 
uses of term, 359, 360 : order in which 
to undertake the study of, xxv, xxvi, ^ 
336; limited examplesof studied, 229. 
372 ; necessity for study m the field 
of, 363 ; importance of movements in, 
23S, 239, 241, 232-4, 356, 357, 368 ; 
adapted for repose as well as for move- 
ment, 360 ; importance of attitude in, 
241, 341 ; mimetic sounds, 251, 324 ; 
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space and time relationships of, 347- blance, 382 ; examples bearing on 
50 ; model and mimic may be origin of, 376 , mimic being younger 
widelyscparatcd provided thcenemics may present a picture of former 
can cross the intervening barner, condition of model, 364, 365 n i , 
217-18, ^6lf ^82 'f both Batesian and migration and permanence of resi- 
Mullerian largely independent of dence may be inferred from, 363-4 , 
size, 366, 367 ; independent of degeneracy of lost scales greatest in 

zoological affinity, 229-34? 232-3, best moth mimics of wasps, &c , 
235-7, 336 ; often closest when 365, 366 
affinity is remote, 235; essentially — Evidence in favour of 
superficial, 237-4*^5 mimetic like- for, compared with that for Universal 
ness unaccompanied by any other ap- Gravitation, xxvi, 271, Lloyd 
proach, 237-40 ; affects deep-seated Morgan’s obser\ations bearing on, 
parts when superficial likeness is 212, evidence of distastefulness in 
thereby increased, 238, 239 ; espe- butterfly models, 269, 279, 279 n i , 
ciaJly characteristic of female, 215- distasteful moths seized and rejected 
17, 244-7? 279, 372-5? special ad- by wild birds, 284, evidence of 
vantages to female of, 246, 279, advantage conferred by, 281, evi- 
ancestral appearance preserved in dence that mimicry averts attack, 
non-mimetic male, 244-7 , Wallace’s 288 , insufficient direct evidence of 
conditions of, 361, 362. attacks, 268-70 , indirect evidence of 

— Complexity 239; analysed attacks by birds, 281-3 see also 
into Its components, 240-2 , made up evidence and birds 
of colour, pattern, form, attitude, and — Relation to Pfotedivc (Pro- 
movement, 241 ; diverse modes of cryptic) Resemblance -relation of, 

attainment of, 250-1^, 280, in to other resemblances m nature, 

members of different Orders, 250- 225-8 , procryptic resemblance 

61, of the same Order, 261-7, at- closely related to, 225, 226, 312, 314, 

tamed in diverse ways in Beetles, 315, 348, 359, 360, combined uith 

251-2, 255-6, 257 n I, 261-2, in procryptic colouring in cei tain butter- 
Lcpidoptera, 251, 262-6, pigments flies, 350-4, instantaneous tran- 
oi mimefic Ptennae different from sition from procryptic resemblance 
those of models, 262, 263 , attained to, 367, 368 , suggested interpre- 
in different ways by Cerui (Diplera), tation of, as a Syncryptic resem- 
Oberea (Longicom), &c , and Mem- blance, 322 , distinguished from 
(Homoptera), 280 , mimetic Syncryptic resemblance, 312, 359- 
transparency produced m variety of 61 

ways in Lcpidoptera, 251, 263-6, — Relation to Mullerian Mimi- 

270, 365, 366 ; resemblance not in cry —see also Mimicry Mullerian , 
body but in covering shield of Mem- Batesian and Mullerian mimicry 
bra^tdae, 2$8, 2^8 {¥\g. 6), 259,260, compared, 211-18, 222-4, 226, 

280,369; composite resemblance to 227, 329, 359~62, 370-6, differ- 
two objects, 360, 369 ,' head of model ences as regard Wallace’s conditions 
(ant) represented at tail of mimic, 254, of Mullerian theory and, 362 , gradual 
368 ; di- or |X)Iymorphism in mimetic predominance of Mullerian theory 
species, especially females of, 354, over Batesian, 212, 213, 223, 342-4, 
364, 365 n. 1,372-6 ; advantage of di- 2,7^ \ interpretation of an 

and polymorphism in, 354-6, 372, old example {H mtsippus), 211-18, 
seasonal changes of butterflies and, ‘F. A.’ in Punch on, 213-15 , 
339-42 ; chiefly seen in imago, but Mullerian does not differ from 
prepared for in the larval and pupal Batesian mimicry m importance ol 
stages, 242-4 ; ‘eye-spots’ as exam- instinct, inferences as to history and 
pies of, 326. migration, independence of size, and 

— Inftrencis as to Origin and confirmation of history by structure, 
—pattern of non-mimetic 363, Mullerian mimicry often in- 
anccstor may determine trend of, eluded in Batesian, 3^ , interpreta- 
218; favoured by initial resem- tion as Batesian or Mullerian olten 
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provisiDfiAfi 338; Lepidoplera> 348, captured on one day. in 


370-6. and Coieoptera, dis- 
cussed in relation to Miillerian 
ntin^cryand; Protog<miusv[AElym' 
ntinae in rdation to, 350^4, 37a; 
Colaems in relatKin to, 134 n. a 
secondary mimicry probably charac- 
teristic of MulJenan mimicry, 345, 
345 n. 6 ; mimicry of Hymenoptcra 
in » relation to, 376; mimicry of 
snakes in relation to, 376. 

— Bearing upon Theories of Evo- 
lution of transmission of 

expcnence ana, 166-8; mutation 
and, xui-xxvi ; internal causes sug- 
gested to account for, 324, aas, 27a, 
but break down when investigated, 
227-9, 233, 236-9, 241, 245, 247 
249, 250, 257, 260-3, 266-8, 370, 273, 
275, 276, 378-82; external or phy- 
sico-chemical causes suggested to 
account for, 224, 272, but break down 
when investigated, 227^, 233, 235- 
43, 244, 245, 248-50, 2&-3, 266-8, 
270, 273-82, contrasted conditions 
of model and mimic in same locality, 
243, 244, 276; sexual selection 
suggested as cause of, 225, 228, 372, 
but breaks down when investigated, 
337, 328, 233, 336, 245, 246, 260, 261, 
267, 370, 273, 275, 276, 278-82; 
Common Warning Colours ( M uUenan 
mimicry) and, explained by Natu- 
ral Selection, hlssay VI II, 220-70: 
see also Essay IX, 271-82, growth 
of confidence in interpretation of, 
by Natural Selection, 218, 218 
n. 2, 219, 324 ; facts of, con- 
sjstmt with interpretation by. Natural 
Selection, inconsistent with any 
other suggested explanation, 227-9, 
233, 235 42, 245, 246-8, 250, 258- 
62, 266-70, 373, 275, 376, 278-83; 
reason for special development in 
S. Amenca of Mullerian mimicry 
and, 248. 

— Examples of classiication 
of examples of Protective and 
Mullerian Mimicry, 383-93. (TEe 
examples are not discriminated 
inasmuch as the interpretation is 
still under discussion: see p. 328.) 
Batesian or Mullerian mterpreU' 
tion of examples provisional in 
many cases, 338 ; the clearest 
examples of Batesian, 367, 376 ; 
development of, m Insecta, 367 ; 


Department, 248, 249; examples m 
text (except the Leeds senes), chiefly 
selected from Ethiopian and Neo- 
tropical Regions, 37a 
Mimicry of Adventitious Ob- 
ject (PSEUDALLAPOSEMATIC RE- 
SEMBLANCE), 377 : see also 359. 

Mimicry Aggressive, and Al- 
luring Colours (Pseudepise- 
MATic Resemblance), 377, 378 see 
also classification of examples of mimi- 
cry, 393; place of in bionomic uses of 
colour,326; directive characters (^eye- 
spots ’) may be examples of, 335, 326 , 
definition of, 358-61 ; false attraction 
is the essential clement in, 360 ; re- 
semblance of Volucella to humble- 
bees, and Asilidae to their victims 
probably not examples of, 378. 

fnirayMyrmoplasta^m\m\z\i\Xi%dj\t^ 
254, 355 (Fig 3). 

mtsippus^ Hypoltmnas, female of, 
mimicking Z. chrystpjfmsy three 
forms of female mimicking respec- 
tively three forms of model, 355, 372 , 
three forms of mimetic female tran- 
sitional, while two out of three corre- 
sponding forms of model arc sharply 
marked off, 364, 365 n, i , probably 
a Mullenan mimic, and specially de- 
fended, 215-17, 247, dominance of, 
216; extends beyonds its model into 
New World, 316, 247, 347, powers 
of flight, 216 , swarm of, observed in 
mid-Atlantic, 216 n 2; conspicuous- 
ness of male, 216, 217 , ancestral ap- 
pearance of male, 216, 245 , male pat- 
teni mimicked by males of two butter- 
flies in W China far beyond its 
range, 217, 218, 381, 382, mimicry 
of male perhaps due to attacks of 
migratory birds, 217, 218, 382; such 
a cause, if confirmed, would prove 
growth of mimicry by selection alone, 
j6i. 

Misseltoe, Darwin on the inade- 
quacy of Mutation to account for the, 

XIX. 

Misunderstandings arising from 
term ‘ Mimicry ’, 140, 361. % 

Mivart, St. Geoige, Darwin’s reply 
to criticisms by, 6. 

mneme^ Melinaea, exact resem- 
blance of Hel%coniusnumata\Qy\i\ ; 
araUel transition from barrM to 
lack hind wing in both model and 
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mimic, 331; why considered the 
model of H. numata. 331-3 ; far more 
abundant than H. numata, 332 ; 
abundance of, over Heltconius not 
necessarily due to greater unpalata- 
bility, 332. 

Mobius on Mauritian crabs carry- 
ing sea-anemones, 357, and Mauri- 
tian hermit-crab living m an Ascidian 
case, 357 - 

Model Outranged by Mimic, 
X 349 , 350 - 

Model AND Mimic, both Sexes 
OF BOTH Alike, X 371 
Model, Sexes of Different, 
and Respectively Resembled b\ 
Mimicking Species, X 371 
Model, Mimicry of General 
Appearance of Group rather 
than of Single, X. 376. 

Models, Mimicry of Cryptic, 
X 369, 370. 

Models, Male and Female 
Mimicking Different, X. 372 
Models, two or more Mimick 
ED BY Female, X, 373 see also 
374-5 

Models or model (see Mso Mimi 
cry) resemblance between, 21 1- 
1 5 , examples of, far more abundant 
than theij- mimics, 332, 333 ; sta- 
bility of, influenced by mimics, 336, 
advance of, in direction of mimic, 
344 , range of, exceeded by mimic, 
349; m one localitymimic.in anottier, 
217, 381-2, one species mimicking 
two or more, 354-6 , tail of mimic 
resembling head of, 254, 368 , Mul- 
lerian lesemblance no less than Bates* 
lan implies mimic and, 360 , mimics 
may retain a picture of former con- 
dition of, 364, 365 n l , advantages 
of mimicking two or more, 354-6, 372 
Modern Views on Evolution 
anticipated by J C. Prichard, 
Essay VI, 173-92. 

Modification, Diagnosis tra- 
versed BY Individual, II 73-5 
Modification, individual (see also 
Acquired Characters), definition of, 

73 n. I, 142. 

Mogok, Upper Burma, 291 n. i. 
Moisture, see External Causes; 
Piertnae influenced in pupal or 
larval state by heat and, 311, 312; 
in food as suggested cause of wit 
season broods, 341. 
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Mole-like forms in three Mammal- 
ian Orders, 312, 359 
moltior, Pachyprora,z\{a.s\n% Taru- 
cus pltmus, 283. 

Mollusca, in classification, 25 ; 
common ancestry with other Phyla, 
27 ; evolution in geological time more 
marked than in lower Phyla, 28 , in 
early Palaeozoic, 30, insufficient 
record of, m the stratified rocks, 4c ; 
evolution of, 41, 42 , Silurian and 
Cambrian, 41,42 , environment and, 
106 , procryptic resemblance to coral 
of, 359 

Monkeys, brain of compared with 
man's, 108 , terrified by snake-hke 
caterpillar, 367 n, 2 
Monochrome, conspicuousness of, 

321 - 

Monsters formed by experiments 
on frog’s eggs, 129 , \aliieless for the 
study of evolution, xxxix, \1 
Monstrosities, development of, 135, 
136, hereditary, 135, 136, predeter- 
mined in ovum, 135, 137 
Moore, Frederick, on Oriental 
Mullerian mimicry, 223 
Moore, Rev. Aubrey L , on ancient 
writers on evolution, 54-6 
Moral Reflections at the 
Natural History Museum, I, 
FA, 213 

moranid, Papiiio^ resemblance to 
Acnua satis, 520 l 
More Letters of ChaTles Dar- 
win, F Darwin ,ind A C beward, 
48,560 4,63,67,68, 74,76,78,79, 
80, 82. 83 n 2, 84, 86, 89, 174 n 2 
Morfill, Professor W R , transla- 
tion of Portschinski by, 254 
Morgan, Professor C Lloyd, on 
‘Natural Elimination’, 105 , definition 
of acquired characters by, 143, 143, 
on instinct, 1 54, on education of birds, 
167 , observations on young birds by, 
212,268, on trend of human evolu- 
tion, 17#, 171. 

Morgan, Professor T H ,on Roux’s 
experiments, 128-30. 

morgem, lirumala [Mchnda], a 
mimic of W African Amiuns, 337. 

Morphinae {Amathnsiinae), ‘ eye- 
spot’ in the mimicked genus, Tenaris, 
326 , as models of the Eastern Elym- 
mtnae, 353. 

Moseley, Professor H. N., on Pen- 
patus, 33. 
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Moths, Recent Darkening of 
N. Engush, X. 308-ia 

Moths AND Butterflies, chief- 
ly Oriental, Illustrating Mi- 
micry, 370-6. 

Moths (sef also Arc/ndoif Choice- 
sitncu,Giaucopuia£y Sesttdac, ZygatH- 
idae\ see also classification of ex- 
amples of mimicry, 384-6, 388-92) 
pigments of, less stable than those 
of butterflies, xlv; resemblance to 
leaves of, 299, 302; to splinter, 
319; to lichen, 359; colour of G. 
obscurata in different environments, 
307, 308 ; seasonal changes of, 31 1 
value of bnght hind wings of, 
303, 304, 325 ; hind wings of, tom as 
if seized, 304; distasteful species of, 
seized and rejected by wild birds, 284 ; 
wings of, in nest of Mtcrohtcrox^ 291 
n. l , mimicryof butterflies by diurnal 
249, 250, 275, 276, 372, 376, Mul 
lenan mimics of butterflies, 231-2 
Dr. Dixey’s discussion of entrance 
into Mullerian combinations of, 343 
Mullerian mimics of Erycinid mimics 
of Ithomitfuic, 346 ; attainment of 
transparency by, in mimicry of trans- 
parent-winged butterflies and Hy 
menoptera, 251, 266, 365, 366, early 
recognition of resemblance to Hy- 
mcnoptcra by, 221 
Motive Force of Investiga 
TION, Introd xlvii, xlviii 
Moulting and seasonal change of 
colour, 310- 

Mountainous country, J C. Prich- 
ard on the horses and cattle of, 189 
Movements and Attitudes, 
Importance of Instinctive, in 
Display oi- Warning Colours, 

X. 324. 

Movements and Aititudes, Im- 
portance OF, FOR Mimicry, X. 

363- 

Movements (see also flight) : 
importance of, In procryptic defence, 
360; power of rapid colour adjust- 
ment suited to rapid, 304, 305 ; 
sudden transition from cryptic to 
aposematic or pseudaposematic de- 
fence caused by, 318-20; impor- 
tance of, in aposematic defence, 322 ; 
conspicuousness of slow, 370; im- 
portance of, as recognition characters, 

3 S 7 » 358 ; importance of, in directive 
marks, 282; importance of, in the 


hcad-Jike appearance of Lycaemdae^ 
335. 3*5 n- I ; importance of, m 
mimiciy, 238-9, 241, 251-4, 256, 
257, 368 ; in aggressive mimicry, 378 , 
aggressive use of, by Hyos^ 314. 

Moving objects, protective (pro- 
cryptic) resemblance to, as well as 
mimicry of, 360. 

Muir, F., direct evidence of attacks 
by birds on butterflies obtained by, 
282 n. I. 

mulctber, Trepsichrois^ females of, 
mimic Danaini though themselves 
models, 334, 335 ; females of, mimick- 
ed by females of Mel. malelas^ 372 , 
and with other blue Oriental Euploeas 
imperfectly mimicked by diurnal 
moth, Cailamesta midama, and allied 
species, 372, 376 
Mullein Shark Moth, 318, 31Q 
Muller, Dr. Fritz, interpretation of 
resemblance between models (Muller- 
ian Mimicry) suggested by (1879), 
166-8, 211-15, 222, 223, 226, 278, 
327, 328 ; on sexual selection as 
possible cause of mimicry, 225, 228, 
272 ; on epigamic scent in male 
butterflies, 317 ; on ‘ stmk-glands ’ of 
Colaents, 334 n 2 ; indirect evidence 
of birds attacking butterflies obtained 
by, 270, 270 n. I. 

Muller, Johannes, T. ri Huxley 
on, III. 

Muilenan Mimicry, see Mimicry 
Mullerian, &c. 

Multiple births of cats, dogs, &c , 
distinguished from ‘ identical ’ twins, 

133 

Murray, Sir John, on ocean floor, 

21. 

Museums, necessity for long series 
75> 76, as centres of biological 
research, 77 ; branch tropical biologi- 
cal stations and, 89, 90 ; storing of 
epigonic evidence and, 90. 

Mutation, Mendelism, ani 
Natural Selection . Introduction 
xiii-xlviii. 

Mutation, De Vries’s Eyi 
DENCE IN Favour of, Introd xvn- 
xxii. ^ 

Mutation and the Facts ot 
Mimicry, &c., Introd. xxii-xxvi. 

Mutatioii, an old idea, xiv: De 
Vries on intermittent periods of, xx ; 
definition of, xvii, xvii n. 2 ; known to 
Darwin, xviii, xix ; in the Veetlgee of 
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Creation, xviii, xix ; does not explain 
adaptation, xix, xix n. 2 ; Sir W. T. 
Thiselton-Dyer on cultural condi- 
tions and, xxii ; evolution by small 
variations is not, xxxviii, xxxix; Se- 
lection and, no; Palaeontology and, 
no; Huxley’s views on, 195, dark- 
ening of N moths and, 309 , double- 
dayaria as an example of, 309 
Mutations, Variations, and Re- 
lationships of the Oenotheras, 
J:). T. Macdougal, A. M Vail and Ci 
H. Shull, XIX n. 5, XXI, xxii. 

Mutationists and Darwinians, 
essential difference between, xxxviii 
Mutilations and Pangenesis, 125 , 
not hereditary, 136 , origin ot 
apparent, 147-9 j supposed trans- 
mission of, discussed and rejected by 
J C Prichard (1826), 180, 181, 182 
Mytalesis Perseus^ 291 
Mylothris^ ancestral Pienne white 
retained in males of vS American 
species of, 240 
Mylothns agathina^ 34 1 
Mynapoda in classification, 33 , 
m the Palaeozoic, 34 , fossil in the 
Oligocene, 34 , no approximation of 
insects towards, in fossiliferous rocks, 

38 

MyrmetophatHi fallax, 256, 257, 
2^7 n I, 558 (Fig 5), 280 
Myrmeleon larva, allanticrypiic 
resemblance of, 313 
Myrmopiastii mira^ 254, 255 (F'lg. 

3 ) 

myslaceus, Phrynocephaius, a lizard 
with flower-like lures, 378 

N 

Nabu lattventris, 257 n i 
nadina^ Huphina^ Mullerian 
mimicry especially in dry f of, 342 
Nansen, Ur. F., on the intelligence 
of the seal, 1 16. 

Natal (see also Africa, South) 
recent immigration of N. butterfly 
species into, 52 n i , dortppus f. of 
L chrysMus in, 71 n 1 , preferential 
mating of butterflies in, 87 , examples 
of mimicry from, in Hope Depart- 
ment, 2^9 ; attack of fly-catcher on 
butterfly witnessed in, 283. 

natalenstSf Precis ^ wet season form 
of P, sesamus^ 208 , the dry season 
form {sesamus) bred from (1898), 
339> 34O; 340 n. 4 ; attempt to 
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determine the physiological cause of 
change, 340 , under surface similar 
to but more conspicuous than upper, 
339 > 340, a rough mimic of an Acraea, 
339 > 339 n ^ 340 , reasons for sup- 
posing a Mullerian mimic of an 
Acraea, S African habitat of, 340 
natahca, Precis, under side ocellated 
in wet, procryptic in dry season, 340 , 
S African habitat of, 340 . 

Nat Hist. (Hifltona Naturahs 
et Experimentalis, &c ), Francis 
Bacon, 55. 

Natural Philosophy, Thomson 
and Tait, 4 n 3 

Natural Selection, On, A R 
Wallace, 51 n i, 203, 367 n 1,369 
Na'i URAL Select ION, MuiAi ION, 
AND Mendelism Introduction, 
\iii-xlviii 

Natural Slleciion and Men- 
delism, Introd x\vi-\\\\ 

Natlr\l Seleciion and Men- 
delism, no LSSENTnL Diver- 
OLNCL IIEIWEEN, Introd \\\M \ll 
NAIURAL S ELEC I ION, HUXLEY 
AND IHE llIEORY Ol, Lssay VI 1 , 

193-219 

NaIURAL SELECUON, IHE CAUSE 
ov Mimliic Resemelvnce and 
Common Warning Colours, 
Lssay VUI, 220-70 
Natural Selechon and 
Mimicry, Essay JX, 271-82, 
Appendix to Essay IX containing 
evidence of birds attacking butter- 
flies, 282-92 

Nytural Selechon, colours 
PROBABLY Adjusted 10 Environ- 
ment BY Local Achon oi, X. 
307, 308 see also 308-10 

Natural Selection, popular dis- 
belief in, and its cause, wii, win , 
cieative, xxiii , Mendelism and, xwi- 
wxv , decides between germs rather 
than individuals, \x\vi, wxvii, \xxvii 
n. I, 135, 183 , compared with arti- 
ficial, xl, xl n. 2, n 3, xli , J. B Farmer 
on the explanation based on, as a 
bar to inquiry, \liv-\lvii, \liv n I, 74 
n. 2, the stability of pigments in 
Lepidoptera and, xlv , rigid self- 
criticism required in the study of, 
xlvii , a fruitful stimulus to inquiry, 
xlvii, xlviii , protest against facile 
speculation based upon, xlvii, xlvii 
n. I ; Lord Salisbury's criticisms of, 


Gg 
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2-4; sexual instinct and, 65 ; renders changes and, 206-11, 310, 31 1, 320, 


organisms susceptible to stimulus, 
73 ; response to stimulus and, 74 
n. 2 ; Huxle/s doubts upon, 77-80 ; 
not the cause of interspecific sterility, 
80, 89, 91 ; cessation of, a cause of 
interspecific sterility, 80-2; fertility 
and, ^2 ; aided by syngamy, 93-4 ; 
the Darwin-Waliacc joint essay upon 
{t?58)» 95-7, 194-6: see also xxxvii 
n. 2, 48, 58, 200, 222, 379 , docs not 
explain variation, 96-7 ; Lamarck's 
theory compared with, loi 
Lamarck’s theory confused with, 
101-3, 104, Duke of Argyll’s ex- 
planation of belief in, 101-2 ; diffi- 
culty with which apprehended, loi- 
4 ; parodies on, 102-4 , utility and, 
105-9 , Natural elimination or, 105 , 
advantages of name, 105 , objections 
to, 105-10, brain evolution and, 107- 
8 , Palaeontology and, 107-8 ; origin 
of organs and, 108-9 , a true cause of 
evolution, loo, no, mutation and, 
no; form of joints and, 112, 113, 
Crustacean claws and lizards’ tails, 

1 1 3, 1 14; forms of joints and teeth 
and, 115 , instincts and, 116-19, 
154-66 , cryptic adaptation and, 
154-7; the cocoon-making instinct 
and, 117, 1 18, 157-60, 164 , instincts 
of Fossores and, 118, 119, 160-4, 
usc-inhentance and, 137, 138 , vana- 
tion and, 137 ; effect of cessation of, 
137, 138 , nervous system and, 138, 
vanable protective resemblance and, 
152-4 , struggle in young birds 
and, 167, 167 n. 2, 168 , limited but 
undoubt^ use of by j C. Prichard 
(1826), 174, 191 , Huxley and, 193- 
219 , history of discovery of, 193, 
194 ; Huxlc/s Ignorance of, July, 
1858-Nov. 1859, 195, 196; Huxley’s 
opinion of, 201, 202 , basis of belief 
in, 202 ; confirmed by observation of 
Nature, 202 ; dead-leaf -1 ike butterflies 
and, 203-6; adaptation in Lepidoptera 
and, 203-18 ; seasonal changes in 
butterflies and, 206-1 1 ; confirmation 
of, 218-19; prediction and confirma- 
tion as test of, 2 1 9 ; H uxley’s defence of, 
219; evidence of advantage conferred 
by concealment, 288, 289 ; Hypertely 
used as an argument against, 302, 

303 ; proof of severe strode m pupal 
stage of K urticag^ 306 ; darkening 
of N. moths and, 30^10; seasonal 


339-42 ; speaes rather than indivi- 
dual benefited by, ^16; individual 
subordinated to species by, 358. 

— Mimicry jW:— E ssays VIII 
and IX, 220-82: see also ?ii-i8, the 
origin of a mimetic likeness and, 
218; increasing confidence in, as an 
explanation of mimicry, 224; con- 
sistent with facts of mimicry, 225 , 
relation of, to Protective Resemblance 
and mimicry the same, 227, 237-42, 
259 ; criticism of, founded on study of 
limited examples of mimicry, 229 , 
the interpretation of mimicry when 
other theories fail, 227-9, 232-3, 235- 
42, 245, 246, 248, 250, 258-62, 266-8, 
270, 273, 275, 276, 278-82 , the in- 
terpretation of the fewness of colours 
in specially protectederoups, 234, 277- 
8 , the female sex and, 215-17, 244-7, 
279,353,372-5 ; favourable conditions 
for operation of, in S. America, 248 , 
production of mimicry m covering 
shield rather than insect beneath 
by, 258, 258 (Fig 6), 259, 280, 369, 
mimicry by Membracid of ant and 
leaf carried by it, 259,259(Fig 7), 260, 
280, 377 , the cause of mimicry, 267- 
70 , belief in liiecause of consistent y 
with facts, 268, 271 , evidence of ad- 
vantage conferred by mmlicry, 28J , 
llates's theory of mimicry one first 
great result of, 361 
Naturalist in Nicaragua, T 
Belt, 240 

Naturalist on the Amazons, 

H W. Bates, 51,51 n i 
Naturalist ipon the Age 01 
THE Earth, Essay I, 1-45 
Naturalist, Natural Selection and 
the expencnce of the, 202. 

Nature, xxii, xxxix, xl n. 2, xhn, 

8, N, 13, 15, 19, 56 n 2, 62 n I, 

92, 140, 141 n. 2, 142 n, 5, 143 n. i, 
n. 3, 144 n. 2, 146, 152, 153, 154. 
161, 163 n. 3, 164 n. I, n. 3, 165, 166, 
167, 232, 293, 329, 329 n. I, 365. 37 B 
377 n. 2. 

Nature stronger than nurture, 134 , 

*35 

Nautilidac among the earliest 
fossils, 5, 30 , rapid decline of, 41. 
Ncarctic, sec Americ^ North. 

Neavc, S. A., on transition between 
Afncan butteries, 69 ; results ob- 
tained by, quoted in Essay X, 293 ; 
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on mimicry between species of 
Danaine genus Amauris, 335 ; on 
examples of Diaposematic Resem- 
blance, 345 , on African mimics of 
L. chrystMus preferring station 
different from that of their model, 
349; on terror inspired in natives by 
African snake-like caterpillar, 367 
n. 2 ; discovery of mimicry in 
planemoides, female f. of Pap 
dardanusy by, 374 n. 3. 

Neaves, Lord, parody of Darwin- 
ism by, 103. 

Nebalia, forms allied to in Cam- 
biian, &c , 39 

NecydaltnaCy mimicry of Hymeno- 
ptera by, 252 

Negroes, unchanged by many 
generations in United States, 178 , 
J. C. Prichard on adaptation to 
tropics of, 190. 

Nematophora in classification, 25 , 
relation to ancestry of Vertebrata, 
26 , earliest forms of not primitive, 
28 

Neobrottca mimicking Diabrctita, 
^36, 337 

Neotropical Region, see America, 
South, and America, Central , the 
study of mimicry should reach its 
climax in. XXVI. 
tNeoiroptnae, see lihomiiriae 
Nervous system, see also instinct 
and intelligence, evolution of, rapid 
in higher animals, 29, evolution in 
Mammalian, 107, 108 , in man, 108, 

‘ instinctive ’ mechanisms of the, 
\ersus the ‘individually acquired’, 
166 , in adjustable Protective Resem- 
blance, 305 ; epigamic characters 
closely associated with, 380 

Nest of Microhierax w ings of 
butterflies, &c , 290, 291, 291 n i 
NeuropteraofCommentry Carboni- 
ferous, 35-7 , unique interest of the 
social, 52 , wide difference between 
the forms of the social, 72. 

neustnay Malacosomay cocoons of, 
opened by birds, 157. 

Neutralization of Shadow, 

X. 299-300. 

Neutralization, Adjustable, 

OF Shadow, X 300. 

Neutralization of shadow in Ag- 
gressive Resemblance, 313 
Wew Factor in Evolution, Prof. 

J. Mark Baldwin, 142 n. 2. 


New Guinea, Papiho mimicking 
Uraniid moth in, 371 , bower of 
Amblyorms of, 379 
New Interpretation of old 
EXAMPLE OF Mimicry, VII. 211-18. 
New Phytologiat, 74 n. 3 
New World, see America 
Newcomb, Prof Simon, on loss of 
heat by the sun, 13 n 2, 14 
Newt, Herlitzka's experiments 
egg of, 130 

Newton and Giavitation, 97 
Newtonian theor)^, confirmation of, 
compared with that of Natural 
Selection, xxvi, 97, 219, 271 
ntavtuSyAwauris'y see also douiim- 
canus y transitional into dominnanu^ 
f at the \ Nyanza, \\\v, 68, 69, 
338 , corresponding changes in Papil- 
lomne and Nymphalme mimics, 338 , 
mimicked by hippotuori female f of 
Pap. datdanuSy sub-sp met ope y 338, 
374> 375 » niavius figured by \Veis- 
mann in place of its eastern f. domi' 
TtuaftuSy 375 

Niger mouths to Sahara, e\cliisi\e 
occurrence of ahippus f of L 
tlnysippus from, 321, 364 

nigriLOtntSy NitocriSy mimics fly- 
menopteron during life, 363 
?ugrofulvay Pueides, an outlying 
member of the great distasteful com- 
bination of B. (lUiana, 332 
Nineteenth Century, loi 
iWtphoninae, mimicry of weevils in 
isolated section of, 250 
Nitocns nigjiiOtmSy 363 
Nodosaria, an existing genus in 
the Carboniferous. 27 

fiomius, Papilw. fiequenting wet 
mud, 285 

Non-Mimftic Male Mimetic 
Female, X. 372 see also 215-17. 
244-77 2797 3477 3537 373-5 
Non- Mimetic Ancesior Pre- 
served ON Islands, cNc Remark- 
able Case of Papilio dvrdanus 
(meropl), X 373-6 
North America, see America, 
North 

North British Review, xl, xl 

'^•3»3 J T a 

North India, see under India 
North, J. W , A.K A , assistance in 
the study of paper rendered by, 172 
North Kanara, experience in, 
bearing on seasonal forms, 341. 
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Notley, Miss M. £ , on pupal stage 
of K urticae^ 306. 

NoTitatea Zoolo^oae, Tring, xvi> 
53 n. I, 66 n. a, 77, 85. 

N uclei of germ-cclJs in fertilixation, 
xxxi, 80-3 ; delicacy of mutual adjust- 
ment in fertilization, 80-2 ; the seat 
of the germ-plasm, 138 
numata, HeliioniuSy exact resem 
blance of to M. mnemcy 331 : sec 
also mn^ne ; probable gradual ap- 
proach of to M. mntme^ 333, 333. 

Numbers, effect on mimics of 
relative, 328-33. 

Nummulina in the Carboniferous, 

27 

Nyanza, Victoria, sec Victoria 
Nyania, xxxv, 69, 338, 374, 374 n. 3 
Nymphaunae, Pupae of af- 
fected BY Gravity, V 151, 152 
Nymphalinae (see also classifica 
tion of examples of mimicry, 383-7) . 
methods of pupation in, 15 1 , 
seasonal changes in, 87, 207-8, 2fi, 
310,311,320,3200 1,326,33942, 
eye-spots in wet season forms of, 
21 1, 326, 340-1 , too exclusive study 
of mimicry in Ptennae and, 229 , 
darkening of mimetic species of, in 
the Guianas, 372, 273, 350, mimetic 
species of, may be Mullenan, 272, 
273 ; unpleasant scent in African 
species of, 316; Dr. F. A. Dixey on 
entrance into Mullerian combinations 
of species of, 343 ; preferring station 
different from that of model, L 
chrystppuSf 349 ; combinations of 
procryptic and mimetic colounng 
not uncommon in, 350. 

0 

Obereay mimicry of Hymenoptera 
by, 257 n. I , method of attainment 
of mimicry by, 280. 

Oberthur, Monsieur Charles, on 
variation in Heliconuiy 69; on the 
distribution of Athyma punctata and 
Ltmenths albomaculata and their 
model, and on the females of these 
species, 381, 382. 

obteuratay GnopheSy colour on 
chalk and on peat of, 307, 308. 

Obaervatioiia on Indian Bntter- 
fliea, T. R. Bell, 207 0. I . see also 

341. 

Obaerratlonf on Baxual 
Selection In Spldera of the 


Family Attldae, George W. and 
Elizabeth G. Pcckham, 380. 

Obeenratlone on the Coloration 
of Insects, Brunner von VVattenwyl, 
Engl, tran^ by £. J. Bles, 256. 

Occasional Papers of the Nat 
Hist. 600. of Wisoonsin, 252, 253, 

38a 

Ocean, floor of, 20-2 , basins, 
stability of, 21 , general Protective 
(Procryptic) Resemblance to, 297, 
298. 

Oceanic islands, wingless insects 
in, 18. 

ocellatuSy SwennthuSy derived 
chlorophyll passing into eggs and 
offspring of, 314, 314 n. 2 
otkUay AmaunSy a dominant 
model in E. Africa, 336. 

Odonata (Protodonata) of Com- 
mentry Carboniferous, 18, 37. 

Odont opera btdentaiay 306. 

Odour, see smell 

Odynerusy species of, resemble 
other Hymenoptera in Australia, 
278. 

Oecodomay see A it a. 

Oecophylhy mimicry of, by cater- 
pillar, 368. 

Oedipoda, value of bright hind 
wings of, 303, 304 
Oenotheras as the eviaence fiji 
Mutation, xix-xxii, 4. 

Oenothera cruciata, xxi, xxii, xxxv 
n. I ; — lamarckiana, xix-xxii, xxw 
n. I, 4. 

Of the Causes which have given 
rise to Varieties in the Human 
Species, J. C. Pnehard, 176, 177. 

Of the Belatlon of particular 
Varieties of the Human Species 
to Climates, J. C. Prichard, 19 1, 
192. 

Old World, Euploetm nearly ex- 
clusively Au 8 tro-MaJayan,Z>a«rt/«/ in 
all tropics of the, ^33. 

Oligocenc, Mynapoda m the, 34 

omphaJe, experiments on 

seasonal forms of, 31 1 , Mullerian 
mimicry chiefly in dry f of, 342. 

On Geological Time, Lord 
Kelvin, 4. 

On some Dlffloultias of Dar- 
winism, Prof, D'Arcy Thompson, 

225 n. I. 

On the Age of the Sun's Heat, 
Lord Kelvin, 4 n. 3. 
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On fche Law whioh haa regu- 
lated the Introduction of New 
Series, A. R. Wallace, 194. 

On the Reception of the Origin 
of Species, T. H. Huxley, 196 

On the Secular Cooling of the 
Earth, Lord Kelvin, 4 n 3 

On the Tendency of Varieties 
to depart indefinitely from the 
Original Typo, A. R. Wallace, 194 

On the Variations of the 
Evening Primrose, G A 
Boulenger, F R S., xix n. 5 see also 

XXI 

On Variation, see Materials for 
the Study of Variation, W 
Bateson. 

Open country in S Africa, defini- 
tion of, 340 

Ophiuroids in early Falaeozoir, 30 

Orchidaceae, self-fertilization of 
many, 92. 

Orchis Bee, self-fertilization of, 64, 

92 

Orders of insects, mimicry between 
different, 229-31, 250 fit 

Organs, origin of, ic8, 109 

Oriental and other Leimdo- 

PFERA ILLUSTRAIINO MIMICRY, 

X 370-6 

Oriental Region see also Anda- 
sian, 37/, 373 n. 2 ; Borneo, 257 n. i, 
275, 276, 348, 349 . 353 , 367 n 2, 
369 , Burma, 286-92, 373 , Bombay, 
70 n 2 , Canara, yon 2, Ceylon, 
70-1,285,286, 349, China, S ,88,333, 
Deccan, 70 n 2, Hambantolte, 
7on 2 , Hong-Kong, 88, India, 70, 
70 n 2, 269, 317, 324, 34G 342, 
349 , 363, 371-3, 376, Irrawaddy, 
291 n I ; Kala Pam, 285 , Kandy, 
285 ; Karachi 70, 70 n 2 ; Khan- 
dalla, 70 n, 2 , Macao, 88, Mala- 
bar, 178, 187 , Malaya, 248, 252, 
333 , 367 , Mandalay, 291 n. i , 
Mogok, 291 n. I , Moulmein, 289, 
North Kanara, 341 ; Pahpoon, 290, 
Poona, 70 n. 2 , Puttalam, 70 n. 2 , 
Salween, 289, Siam, 303, 341, 
Sikkim, 373 ; Singapore, 368 , Sinia- 
way, 290; Taungyah, 287 ; Tenas- 
senm, 290, 291, 291 n i , Tha- 
beitkyin, 291 n. i ; Thundiani, 285 , 
Tnneomalie, 70 n. 2 ; Wabosakhan, 

288 ; Yoonzaleen, 2^. 

—The study of mimicry in relation 
to, XXVI , fading m the pigments of 


certain museum specimens of Lepi- 
doptera from, xlv , A. R. Wallace on 
mimicry in the, 222 , F. Moore on 
mimicry in the, 223 ; uniformity in 
Euploemt of, 277, 333, 334 , ‘ leaf- 
butterflies' {Kaliima) of, 203-8, 302, 
310, Euploetni nearly restricted to 
Australian and, 333 , P^^cis , seasonal 
forms of alniana of, 340, 34 1 ; 

mimicry in the hlymminae of, 3^3 , 
L chrysippus in, 70, 364 , mimetic 
chafer of, 368 , blue Euploeas of the, 
roughly mimicked by diurnal Chal- 
cosiine moths, 372, 376, examples of 
mimicry chiefly selected from Lepi- 
doptera of, 370-6, localities of 
D cama in 382 

Origin of Species, Charles 
Darwin, xv, win, \ix, xxii, xwi, 5, 
21, 25, 46, 47, 4.S, 57, 58, 63, 67, 84, 
91, 94, 139, 162, 165, 175, 175 n I, 
196, 199, 200, 201, 219, 233 n 1, 
3bi, 379, arguments for pre- 
Cambnan time m, 5 , definition of 
species 111, 46, 47 , penetration of 
ideas of, 48 , influence on Huxley of, 
200-! , twofold aim of, 200, 201 
Origin of the Fittest, Professor 
E D Cope, 109 

Origin oi Pupal (iRoove in 
P iERiNAE, &c,V 147-50 
Origin of specific discontinuity, \v, 
\vi , importance of geographical 
distribution for the study of, \vi , 
of organs and limbs, 108, 109, of 
Mullerian mimicry fiom warning 
colouis, 329-31, 349, of mimicry, 
examples bearing on, 376 

Orioles, mimicry of powerful birds 
by, 367 

onse, Dismojphia, perfect mimiciy 
of Ithomiinae by, 240, 265, 266 ; me- 
thod of attaining transparency by, 
266 , Ecuador form of model and 
mimic, 265, 266 

onthyiajiinonia [P)iCts), wing of, 
m nest of Murohurax, 291 

Ornithorhynchus, Song of the, 

W J Courthope, 103, 104 

Orthogenesis der Schmetter- 
liuge, G H. Eimer, 224 

Orthoptera (see also Acruhidae, 
Blattidae, Locustidae, Mantidae, 
Phasmidae) of Commentry Car- 
boniferous, 35-7 , great age of, 52 ; 
mimicking ants, 256, 257, 257 n i, 

258 (Fig 5), 280, mimicry of leal- 
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carrying ants by, 260 ; procryptic 
resemblance to leaf of Pterochrcaa^ 
a genus of, 302 ; value of bright hind 
wings of Oedipoda^ a genus of, 303, 
304 ; colour adjustment of, 307 ; 
specially defend^ insects attacked 
by predaceous, 318 , colours of pro* 
cryptic and pseudepisematic, 378, 
378 n 3 ; bug mimicked by larva 
of^ 378 n. 3 . 

Osborn, Professor H. F., on early 
evolutionary ideas, 56 n. 2, 175, 
on Lamarck and Erasmus Darwin, 
141. 

Ostracodes m Cambrian and 
Silunan, 39. 

Otter or ancon sheep, sudden 
origin of, 185. 

Ovipositors possessed by Car- 
boniferous cockroaches, 36. 

Ovum (see also ‘ germ- cells ’) : 
Natural Selection decides between, 
XXXVI, XXXVII, xxxvii n i, 73 n i, 
*35> ^83 1 variation predetermined 

ID, 137, 183 

Owl and owl’s egg, nddle of the, 
xxxvi 

Oxford, experiments on colour 
adjustment of caterpillars at, 306, 
307 ; colour of Cleonus at Hoar’s 
Hill and at Shotover Hill near, 307 , 
darkening of moths at, 309, 

Oxford, St John’s College, J C 
Prichard a member of, 173, and 
gentleman commoner of Trinity 
College, 173 

Oxford Univeraity Oaxette 
(1905), 218 

Oxford University Museum, A H 
Thayer’s model in, 299 ; sec also 
Hope Department. 

Oxlip, Bardfield, shown by Darwin 
to be a true species, xxviii. 

Oxlip common, shown by Darwin 
to be a hybnd, xxviii. 

Oxyljffttma gibbtiollis^ 237 

P 

Pachyprora molttor, 283. 

Pagurus btrnhardus, 356 ; — 
cuanensiSy 357 ; prideauxii, 357. 

Pahpoon, Tcnassenm, nest of 
M tcrofutrax imnd near, 290. 

' Painted Lady ’ buttciifly, 85. 
PaJaeacndiidae (Acriditdae) of 
Commentry Carboniferous, 36, 37. 
Palaearctic localities of Athyma 


and Ltmenttis mimics of male H. tHt> 
stppusy and their model in British 
Museum (Leech Coll), and as given 
by Monsieur Ch. Oberthur, 382. 

Palacoblattidac(BIattidac) of Com- 
mentry Carboniferous, 36, 37. 

Palaeodictyoptera, the Palaeozoic 
insects, 34, 35- 

Palaeontology, limited records of, 
100, 107, 108 ; Mutation and, no. 

Palaeophonus, possibly an aquatic 
scorpion, 40. 

Palaeozoic, waste and sedimenta- 
tion in, 16; tranquil deposition in, 
17, tides, 17; insects, 18, 34-8, 
corals, 28 , Graptolites, 28 ; Verte- 
brata, 30, Mollusca, 30, 41-2, 

Ophyrea, 30, 42-3 , Echinoderma, 
30, 43 , Appendiculata, 30 , Arthro- 
poda, 34-41 ; Mynapoda, 34 ; Phyl- 
lopoda, 39 , Malacostraca, 39, 40 , 
Phyllocarida, 39, 40 , Arachnida, 40, 
41, Pteropoda, 41, 42, Ptendo- 
spermeae, 45, Gymnosperms, 45. 
Cordaiteae, 45 

Pallas on ongin of domestic 
animals from more than one wild 
species, 83, 84 

palUata^ Adaz/isia, carried by 
Pagurus pn ieauxtt, 357. 

j^umbus, i olumbay fertile pairing 
with domestic pigeon, 83, 8j. • 

pofumon^ PapdiOy 373 ^tftpolytes 
pamphilus^ Coenonymphay ‘ eye- 
spot ’ of, examined by lizard, 210 
Pangenesis, Darwin’s theory of, 
123, 124; gemmules of, 124-6, dia 
gram of, described, 123, 124, 126, 
inheritance of acquired characters 
and, 123-7, difficulties of, 124 7 , 
mutilations and, 125; transfusion 
of blood and, 125 , grafted tissues 
and, 125-6, atavism and, 125 , use- 
inhcntancc and, 126; diagram of 
usc-inhentauce in relation to, de 
scribed, 126 

Panmixia, W. Bateson on, xxxvii 
n. 2. 

Pantopoda in classification, 33. 
PoHtoporiay see Athyma^ 382. 

Paper, importance of quality of 
170-2. 

Papilio dardanus (merope), 

X. 373 -^*' also 57, 570. i, 7 G 
72,7211. 1,337, 338, 354. 3SS> 370, 

37 <> 373 ' 5 - . 

P^lio agistor y 371 ; — {Drury a) 
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anitmochus, ^66 \ — anttnorit, 373, 
374, 374 n. I, 375 ; — arctums, 285 ; 

— ar^iftius, 57 n. I ; — artsiolocktae, 

269, 372, 373 , 375 ; - 372 ; — 

caudtus, 57 n. I ; — caunus, 291 ; — 
chaon, 372 ; — cortnneus^ 284 ; — 
demodocus^2%l\ — dravidarum^ 372 ; 

— echerioides, 375 ; — enthoniusy 

288, 291 , — 373 ; — humblott^ 

373 ; — la^latzei^ 371 . — macareus, 
288 ; — meriones, 245, 373 , — 
ama, 52 n. I ; — nomtus, 285 , — 
polyctor^ 285, — (pammott), 

373 , — protenor, 371 , — sarpedon, 
288, 290 , — torquahnns, 57 n l ; — 
torquaius, 57 n. I , — xenocles, 288 

Paptltoninae (see also Papilto see 
alsoclassification of examplesof mimi- 
cry, 385, 387-9) compared with Itho- 
niiinae as regards number of colours, 
234, 277, as models for Piennae, 

262 , pigments of, different from 
those of their Pierine mimics, 262, 

263 , an Indian species of, proved un- 
palatable, 269, value of ‘tails’ of 
hind wings of, 281, 282 , mimetic 
not attacked by bee-eaters, 288 
unpleasant scent in African, 316 
eye-spots of, 326 , Dixey’s evidence 
of entrance into Mullerian com- 
binationj of, 34^ , P agestor as 
probable Mullerian mimic, 371 ; 
mimicry in species of, probably 
Mullerian, 372-3, 375. 

Pard, fly from, mimicking Hymeno- 
pteia,, 257 n i 

Paradise fly-catcher capturing 
butterflies, 283 

Paradise Lost, John Milton, 56 
Paradise of Birds, W. J, 
Courthope, 103, 104. 

paralekta, Kalltma, difference 
between sexes of, 207 
Paranhca, the Danaine model of 
E. tats, upper side, 353. 

Parasites, attacks of, on specially 
defended insects, 318 ; concealed on 
hair or skin of host, 359. 

parasitica, Sagarha, earned by 
Pagurus bernhardus, 356, 357. 

Parents, Prichard on comparison 
between hereditary influences of, 185. 

Pans, Jardin des Plantes, 0 la- 
marcktana originally described from, 
xxi. 

Parodies on theories of evolution, 
102-4. 


Part-nuclei of germ-cells con- 
cerned in fertilization, xxxi, 80-1. 

Passive, Lamarckism and structures 
whose use is, 112; development 
together of active structures and, 
113; defence of insects essentially, 
156. 

Patagonia, J C. Prichard on 
height of man in, 187 , dull colours 
of animals in, 22j. ^ 

Pattern of under surface tends to 
be the more conspicuous in apose- 
matic species, 323 ; cryptic effect of, 
321 , often similar on the two sur- 
faces of aposematic species, 323. 

Peas, Mendel’s researches upon, 
xxxi-xxxiii 

Peat, procryptic colour of G. obscu- 
rata on, 307, 308. 

Peckham, George W. and Eliza- 
beth G, on instincts of Fossonal 
Hymenoptera, 118, 162, 163, on 
ant-like spiders, 252, 253, 253 (Fig. i) , 
on the courtship of Attid spiders, 
380 

Pedipalpi in Carboniferous, 40 
Pi^nard, Prof. E , direct evidence 
of attack by bird on white butterfly 
by, 282 n I 
Penoa deione, 373 
Pentatomid bug mimicked by 
caterpillar, 369. 

Perforata, six existing genera of, 
m Carboniferous, 27 
Pertcoptdae, 264, 266 see Hypstd- 
ae 

Fenpatoidea in classification, 33. 
Peripatus derived from Chaetopod- 
like ancestor, 27 , ancestral nature 
33y 34 ; tio approximation of 
earliest fossil insects or Myriapods 
towards, 38 

Perlidae (Protoperlidae) of Com- 
mentry Carboniferous, 36, 37. 

Permian, Foraminifera, 27. 

Perry, Professor John, on the 
changing shape of the earth, 8 ; on 
the cooling of the earth, 9-13, on 
the life of the sun, 14; on Radium 
and the age of the sun, 15 n. 2; 
letter from Lord Kelvin to, 19. 

per saltum evolution, Rothschild 
and Jordan on, xvi ; Huxley on, 4, 

195* 

perseusj My cole sis, wings of, in 
nest of Microhterax, 391. 
perspicillata, Terpsiphone, cap- 
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\.\xnn% Eroma cUodora and attacking picaia^ Sym^tUs^ mimicry of ant 
Atella phalantha^ 383, 284. by, 353, 253 (ng. i A), 

Peru, Bolivia, and Ecuador, ptctpesy Euderces^ mimicking ants, 
colours of the chief Ithomiine- 355, 255 (Fig. 4), 256. 
centred combination in, 351 ; char Pictet, Adolphe, anticipated by 
acter of under surface of mimetic J. C. Prichard, 173. 

Proiogontus PiERiNAfc, Origin ot Groove 

Phaeagansta helcttotdes, 232. IN PuPAE OF, V. 147-50. 

phalangtum, Stenorrkynchus, alio- Ptertnae (sec also classification 
procryptic resemblance of, 313. of examples of mimicry, 384, 

jdiiuantkay Atellay chased and 386-9. see also Puns)', pupae 
injured by fly-catcher, 383, 284. of, paralleled by those of Zonosoma 

Phamroptendes^ mimicry of ants (Ephyra), 150; attacked by bee- 
by,2 56,257, 2570. i,258(Fig. 5), 280 eaters in Ceylon, 285, 286, sea- 
Phasmidae of Commentry Car- sonal changes in, 31 1, 313, 341 , 
boniferous, 36, 37 BeUnots, 31 1, 312, 341 , Teracolus, 

phtlenoray Eptcopeta, a mimic 311, 312, 341, 342, Huphina, 342 , 
(probably Mullerian) of Paptho Mullerian mimicry in relation to the 
proUnor^ male and female respec- seasonal changes of, 341, 342 , chief 
tively mimicking sexes of model, 371. examples of mimicry adduced by 
phtlipptnus, ^ferops^ attacking Bates, 213, too exclusive study of 
Piennae in Ceylon, 285, 286, per- mimicry in Ngmphahnae and, 329, 
sistcntly capturing Catapsiha, 289 ancestral white retained m males 
Phillips, Professor John, conver- of mimetic species, 240, especially 
sation of, with Darwin on species liable to mimicry, 262 , pigments 
68 of, different from those of models. 

Phlloflophioal Transaotione of 262-3; probably Mullerian mimics, 
the Boyal fiociety, 150, 185, 262 262, 272, 273 , method of attaining 

Philoaophle Zoologique, La- transparency in, 266 , darkening ot 
marck, 141. mimetic in the Guianas, 272, 273, 

Philosophy of the Inductive Dr. Dixey’s evidence of entrance 
Sciences, VV. Whewell, xlvi n. i into Mullerian combmatidVis, 343,, 
phlaeas^ PolyommaiuSjtwdtnct oi combination of procryptic and 
prrferential mating in, 87 n. i mimetic colouring m, 350, an 

pkryne^ Huphtna, Mullerian Indian species of, proved iinpalat- 
mimicry chiefly in dry f. of, 342 able, 269 

Phrynocephalus mystaieus, 378 Ptens^ attack of bird on species 

Phyllidac, wings of Palaeozoic piobably of, 282 n i 
Protopbasmidae resemble those of Piens brassuae^ 147, — rap^u, 
female, 36 93, 147, 301 , — spillen^ 52 n i 

Phyllocanda in Palaeozoic, 39, 40 Pigeon, fertile painng of King Do\ e 

Phyllopoda in Palaeozoic, 39. with domestic, 83, 84 , origin of 

Phyllosticta^ attacking leaves, domestic, 83 n. 2. 

205 n. I Pigments, Natural Selection and 

Physico-chemical causes suggested the stability of, in Lepidoptera, xlv 
for mimicry : see External Causes oi the Pterinae, chemistry of, 262, 

Physiologioal Society, Pro- 263 , control of, in adjustable pro 

oeedlngs oli 314 n. 2. tective resemblance, 305 

Physiological Selection, Asyngainy Pigmy hawk capturing butterfly, 
the consequence of sterility according 289, 290; wings of butterflies, SlL , 

to, 84. m nests of. 290, 291, 291 n. i. 

Phyeiology, Journal of, 314 n. 2, Pin-eyw and thram-cyed primrose, 
Phytophagous beetles (sec also xxvii-xxxiv; Darwin’s work on, xxvn- 
classification of examples of mimicry, xxix, xxxiv ; Mcndclian work on, 
390-1): as models comparable with xxix-xxxi. 

the great distasteful butterfly groups, Pine Lake, Hartland, Wisconsin, 

336, 237. ant-likc beetle at, 255, 356. 
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Pinc-needles, syncryptic resem- 
blance to, 312. 

Ptonms an Arctiid moth mimicking 
Lycinae^ 331. 

Pipe-fish, 299. 

piscatorius, Lophtus^ bright lure 
of, 378. 

P. L. AND A. (Popular Lectures 
AND Addresses), Lord Kelvin, 19, 
19 n. 2. 

Place of Mimicry in Scheme 
OF Defensive Coloration, Essay 
X. 293-382. For divisions, sub- 
divisions, sections, &c., of ESsay X, 
see Contents, pp. 293-7 

Plains, J. C. Prichard on the 
horses and cattle of, 189. 

Planema poggei, 338, 374, 374 
n 3 

p/anemoides, the only female f of 
P. dardanus mimicking (from Victoria 
Nyanza to W. Coast) a non-Danaine 
model, VIZ. Planema poggei^ an 
Acraeine, 338, 374, 374 n 3, 375 
see also dardanus 

Plants, land, first appear in 
Devonian, 44 , specialization of 
earliest, 44, 45 , wide distribution of, 
44 , evolution in, 44, 45 , seed-bearing 
appear in Devonian, 45 , fossil record 
reveals only small fraction of evolu- 
Von of, if4, 45 , response to stimulus 
of, 74, 75, dwarfed by wind, 75, 
Asyngamy from cross-fertilization in, 
90, 91 , cause of injurious effects of 
self-fertilization in, 91-4 , variation 
in, caused by environment, 137 , 
adjustable protective (procryptic) 
resemblance to different kinds of, 

305-7 

Plastidozoa (Protozoa), 23-6, 28, 
30, 31, 121 for analysis of text see 
Protozoa 

plexippus {archtppus\ Anosta, 
mimicry proves N. America the an- 
cestral home of, 274, 364 , mimicked 
hy\nd\gtnousLjmen!lis{Basr/anAta), 
274. 

pUxippus {genutta)y Salatura, 
mimicked by female, and imperfectly 
by male, of E. caudata^ and by female 
E, undulans^ 373. 

pltmus^ Tarucus, chased by 
Pachyprora mohtor and Pratmtola 
torquatuy 283, 284. 

Plumes m sexual selection, 379. 
Podmorc, Rev. P. St. M., on fertile 


I pairing of Ring dove and domestic 
pigeon, 83, 84. 

pogget, Planema^ mimicked by 
planemotdes female f of Pap. dar- 
danus., sub-sp. nterope and polytro- 
phus, 338, 374, 374 n. 3 
Points in the Resemblance 
OF Butterflies 10 Dead Leaves, 
VII 203-6 see also 206-8, 289, 
298-302, 310, 311, 351, 353. 

Poison-fang associated with w^arn- 
ing characters, 315, 316, 324-5 
Polar animals, J C Prichard on 
whiteness of, 187 , seasonal changes 
in colour of, 310, 313 
Polar bear the enemy of the seal, 
116 

Pole, capture of dortppus f of 
L chrystppus in Ceylon by, 70 
n 2. 

poly ct Of or an turns., P apt ho., 
attacked by king-crow, 285. 

Poly dec tus cupulifcr., 357 
Polygonia [Grapta] C-album, 

203-5. 

Polymorphism and Dimorphism 
traverse Diagnosis, II. 70-2. 

Polymorphism and Dimorphism 
IN Procryptic Defence, X. 310 
Polymorphism and Dimorphism 
IN Mimicry, X 354-6 see also 

372-5 

Polymorphism, value of, 310 
Polynesia, Luploeini m, 333 
Polyommatus phlaeas, 87 n i. 
Polyrrhai his gagates, 255 
polyits (pammon), Paptlio, male 
of, non-mimetic and conspicuous , 
one female a mimic (probably Mul- 
lenan) of P arislolothiae, another of 
P hector^ 373 

polyttophus, the Kikuyu Escarp- 
ment sub-sp of Papilio dardanuSy 
374* 375 ' see also dardanus. 

Polyzoa in eaily Palaeozoic, 30 
P oner a tafsatOy 255 
Poona, dorippus f of L. chrys- 
tppus at, 70 n. 2. 

Poplar kitten moth, 158-9. 

Popular Astronomy, Simon 
Newcomb, 13 

Popular Lectures and Ad- 
dresses (P. L. and A.), Lord Kelvin, 

19. 

Population, On, Malthus, relation 
of, to Darwin's and to Wallace’s dis- 
covery of Natural Selection, 194. 
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populeh^ Tatniecampay larvae of, Pratincola torguata, 284. 
attacked by starlinjfs, 157 n. I. Prc-Cambnan evolution, evidence 

Popuiiy Limemtit^ remarkable dc- of, 31-3, 38. 
fence of pupae of, 315, 316. Precis^ comparison of under sides 

Populus nigra^ cocoons on bark of wings in dry and wet season forms 
of, 158, 159 , —iremulaj 1 57 n. i. of, 208, 209, 320, 320 n. i, 339-41 , 
‘Porcupine family pcculianty of, procryptic resemblance, e. g. to dead 
transmitted, 180, 185. leaf in dry forms of, 205, 208, 320, 

Ponfera in classification, 25, in 339-41 ; mimetic resemblances in wet 
ca^y Palaeozoic, 28. forms of, 339, 339 n. i, 340; con- 

Pomtt, G. T., on darkening of spicuousness in wet forms of, 208, 
N. moths, 308, 309. 209, 320, 320 n. r, 339-41 , eye-spots 

Portschinski on ant-like larva of in wet forms of, 340, 341 , advantage 
S. fagi, 254 ; on composite mimicry in seasonal changes of, 206-11, 310, 
of S Jagt larva, 369; on pupa of Z. 311, 320, 339-41 , attempt to deter- 
populi, 316 ; on aposematic attitudes mine physiological cause of seasonal 
of disturbed Spilosoma^ 324 changes of, 340, 341 , captured by 

Possible Instance of Observ- bee-eater, 288. 

ABLE Change in Member oi Prtas ac/ta^ 20 ?), — almamiy 
MULLERIAN Group since 1825-7, 340, 341 . — antihpey 208, 340; — 

X. 356. archesia^ 208, 320, 320 n. i, 340 , — 

Post-generation of missing embry- ariaxia, ^ — asterte (wet f of 
onic parts, 129, a/mana), 340-1 ; — ceryne, 340 ; - 

Potaro River, British Guiana, domi- elgtva, 340, — nataUnsts (wet f of 
nance of MelttKua vittane on the, s^samus), 208, 339, 340, — nataiica, 
332. 340 , — sesamus, 208, 339, 340 ; - - 

Poulton,E.B , definition of acquired tugela^ 340. 

characters by, 142,143 , on Lamarck- Predaceous insects, attacks of, on 
ism and instincts of Hymenoptcra, specially defended insects, 318. 

118-9, Mullenan mimicry Prediction and verification as lest 

or Common Warning Colours, 223, of theory, 202, 219. 

328 , on mimicry of saw-fly larvae by Predisposition to morbid hffectior^ 
caterpillars, 238, 239, on ant-like (e. g. to disorders of the nervous 
Membracid larva, 259, 259 (Fig 7), system, to deafness, to scrofulous 

260,280,377, on unpalatable forms complaints) inherited, 180, what is 

eaten under stress of hunger, 269, on inherited is not disease but, 183, 184 
concealment of C by adjust- PREDOMINANCE GRADUAL OF 
able neutralization of shadow, 300, MULLERIAN Mimjcry, X. 342-4 
on attitude of Tlu;cla rubi, 301 , on see also 212-13, 223, 370-6. 
enemies of pupae, 306, on colour pREf erential Mating a calsk 
adjustment of larvae, 306, 307, on OF Asyngamy, II. 85-8 see also 
colour adjustment of grasshopper, 65. 

307 , experiments on colours of G Preferential mating of butterflies, 
obscurata^ 308 ; on examples of H. W. Bates on, 85-8 , C, Darwin 
Diaposcmatic Resemblance, 345, on, 85-8, R. Tnmen on, 86-8; of 
Mullenan as against a Batcsian Lepidoptcra, T. A. Chapraap on, 87 
interpretation of mimicry supported n i. 

by ^neraliiatjons of, 34^ 347 ; *ug- Pre-formation in frog’s egg, 128-30, 
gestion of, that special development Pre-localization in frog’s egg, con- 
of male Kcnt-brands enables the elusions as to, 128-30, 
females to recognize males which Prasent Poaltlon of PaUeozoic 
closely mimic other species, 350, 358, Botany, Dr. D. H. Scott, 44- 
358 n, I and n. 2. Pretona, dorippus f. of L, chrys- 

Power of Loom Analogy, Duke ippus at, 71 n. i. 
of Argyll, 1 01-2 Prichard, James Cowles, life of, 

prastnanay Hylophtla (Haltas)^ 173; anthropological discoveries of, 
colour adjustment oi cocoon of, 149. 173 ; anticipation of Adolphe Pictet 
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by, 173; reasonsforne^Iectofillumtn- 
sting thoughts 175 ; inconsistencies 
in arguments of, 174 n. 2, 175, 19 1- 
2 ; on the obscure origin of varia- 
tion, 176 ; contention of, that acquured 
darkness of complexion cannot be 
inherited, and is not cause of dark 
races, 1 77, 178; the use of term 
‘ acquired characters ' by (1826), 177, 
179; on varieties predetermined in 
the germ, 183: see also xxxvii n. i , 
on comparison between influences of 
two parents in heredity, 185; on 
origin of domestic breeds, 186, 187 ; 
limited but undoubted use of Natural 
Selection by, 191. 

pndeauxii^ Pagurus^ carrying 
Adamsia palliata^ 357 
Primary and Secondary Mui- 
LERiAN Mimicry, Proto- and 
Deuterosynaposkmatic Resem- 
blance, X 345, 346 
Primrose, Darwin's work compared 
with that of Bateson and Gregory- on 
the, xxvii-xxxiv ; primrose, cowslip, 
and Bardfield oxlip shown to be true 
species by Darwin, xxviii, 47, 63 
Prlnolplea of Biology, Herbert 
Spencer, 58 n. 2 

Prioneris^ captured by bee-eater, 
288 

, PROClfV'PTIC AND ANTICRYPTIC 

Colours, X 297-315 For the 
various divisions, sections, and sub- 
sections sec pp. 293, 294 
Procryptic Resemblance. X 
297-312. See pp 293, 294 for the 
various sections and sub-sections 
Procryptic Defence, Poly- 
morphism AND Dimorphism in, 
X. 310 

Procryptic Defence, Seasonal 
Dimorphism in, X. 310-12. 

Procryptic colours, see Protective 
(Procryptic) Resemblance 
ProgreMui Rei Botanloae, 44 
Promachus topterus, 257 n i 
pronubay TryphaenUj derived 
chlorophyll employed by larvae of, 
314 n- 2. 

Prophetic instincts of insects, 118, 

119, 155-6E 

prorsa^Araschnia^ resemblance to 
Ltmeniits of, and earlier levana f. to 
fritillary, 342. 

Protective and Aggressive 
Mimicry, X. 358-78. For the 


various divisions, sections, sub-sec- 
tions, &c , see pp. 296, 297 
Protective or Batesian Mimi- 
cry PSEUDAPOSEMATIC RESEM- 
BLANCE, X, 361-76 For the various 
sections, &c , see pp 296, 297 

Protective Mimicry, see Mimicry 
Protective, &c. 

Protective Resemblance, X. 
297-312 Foi the various sections, 
&c , see pp. 293, 294 
Protective Resemblances, \nd 
Aggressive, X 297-315 For the 
various divisions, sections, sub- 
sections, &c., see pp. 293, 294 
Protective (Procryptic) Resem- 
-J^Iance (see also Syncryptic) de- 
fined, 297 , place of, in a scheme 
of the bioiiomic uses of colour, 
226 , external and internal causes ob- 
viously inapplicable as causes of, 227, 
228, Lamarckism and, 113, female 
often better concealed than male, 246 , 
protective mimicry a form of, 225. 226, 
348 , parallelism with mimicry, 259, 
mimicry only appears in special sub- 
ordinate groups of chief groups w'lth, 
348, included in mimicry by H. W 
Bates, but separated by A R Wallace, 
359 , distinction between Protective 
Mimicry and, 225, 226, 358-61 , 
mimetic appearance combined w'lth, 
3»9. 339-41. 348, 350-4, 367, 368, 
instantaneous transition from one to 
the other, 319, 367, 368, warning or 
aposematic defence combined with, 
3*8, 319, e g m cobra, 324 , transi- 
tion to aposematic from, 318-20 , 
transition from aposematic to, in desert 
{donppus) f. of L thrysippus, 320, 
321 , may be more advantageous on 
pupa than on cocoon, 148, 149; re- 
lation to daylight of, 303 , in C ver- 
basci larva and imago, 318, 319 , in 
E jacobaeae larva, 318 , iridescence 
and, 322 , importance of 'sham death ’ 
in, 323 , evidence of advantage con- 
ferred by, 288, 289 , habits essential 
for, 353 , examples of, more ancient 
than those of mimicry, 246 
protenory Papilto, male and female 
of, respectively mimicked by sexes 
of E philenorn^ 371 
Proto- and Deuterosynapose- 
MATIC Resemblance, X. 345, 346 
Protoephemeridae (Ephemeridae) 
of Commentry Carboniferous, 37 
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Protodonata (OdonaU) of Commcn- PSEUDOSEMATIC Re6EM blance, 


try Carboniferous, 37 ; great size of, 
18, 37' 

ProtcgoniuSy changes in species of, 
m accoiSance with changes of Muh 
Jerian combinations, 336 ; rough 
mimics on upper side, beautifully 
dead-leaf-like on under, 350, 351 ; 
imperfect mimicry in all species of, 
3 S 9 > 35 * i directive ‘tails’ of hind 
wing of, 351 ; mimetic upper surface 
of, effective in flight, 351 ; procryptic 
under surface of, effective at rest, 35 1 ; 
Mullerian interpretation suggested by 
probable mimetic ancestor of, 352; 
Elymmtncu compared with, 353, 354 
Protolocustidac (Locustidae) of 
Commentry Carboniferous, 36, 37. 

Protoperiidae (Perlidae) of Com- 
mentry Carboniferous, 36, 37. 

Protophasmidae of Commentry 
Carboniferous, 36. 

Protophyta compared with Meta- 
phyta, 120, 

Protoplasm, unknown ongm of 
living, 95 

Protozoa, meteoric hypothesis and, 
23, 24 ; evolution of Metazoa from, 
23, 26 ; in classification, 25 , rate 
of Metazoan evolution compared with 
that of, 27--30, 31 , compared with 
Metazoa, 120. 

Provisional, Advantages of 
Admission that Diagnosis is, II 

76, 77. 

Provisional Mullerian interpreta- 
tions, 328. 

psamatke^ the Ecuador f. of 
Metkona confusa^ 265, 266 
psaphon^ Ckaraxes^ 286 
Pseudallaposematic Resem- 
blance: Mimetic Representa- 
tion OF Adventitious Object As- 
sociated WITH Model, X 377 
see also 259-60, 280, 

Pseudallcpisematic Resemblance, 
examples of, may hereafter be found, 
377 - 

Pseudaposematic Resem- 
blance, or Protective (Bates- 
IAN) Mimicry, X. 361-76. For 
sections, &C., see pp. 296, 297 ; see 
Mimicry Protective. 

Psevdepissmatic Resemblance, 
or Aggressive Mimicry, includ- 
ing Alluring Colours^ X. 377, 
378; see Mimicry Aggressive, &c. 


or Protective (Batesjan) and 
Aggressive Mimicry; Pseud- 
aposematic and Pseudepisem- 
atic Resemblances, X. 358-78. 
For divisions, sections, sub-sections, 
&c., see pp. 296, 297 : see Mimicry 
Protective and Aggressive, &c. 

Pscudoseme, directive characters 
a form of, 325, 326. 

psi^ Acronycta, uniformity in broods 
OL 87 n. I. 

psidtty } kyndta, as model, 264-6, 
method of attaining transparency in, 
265. 

Ptarmigan, protective seasonal 
change of, 310, 313 
Pterotera^ see Volucella^ 221, 378 
Pterochrosa^ resemblance to dead 
leaves of, 302 

Pterodactyles take place of birds. 
18 

Pieropoda, Silurian and Cambrian, 
30, 41, 42 ; evolved from Gastropoda, 
41, 42. 

Pteridospcrmcae, Palaeozoic, 45 , 
relation to ferns, 45 
Pterotheca in Palaeozoic, 42 
puUhellay GUriea^ mimics Ichneu- 
monid during life, 363 
pumtius, Chamaeleo, adjustable ncu 
iralization of shadow in, 306 , reseng- 
blance of, aggressive as well as pro- 
tective, 313 

Punch, parody of Darwinism in, 
103 , criticism of Patesian mimicry 
by h A. in, 213-15. 

punctata, A thyma, of W China, ini 
metic of male H, mistppus, 217, 218 , 
male only mimics mtstpfus, 381 , fe- 
male differs and resembled by female 
of L. alboiHoculaia^ 381 ; distribution 
of, 382 , probable ancestor of, 382 
Pupa, position of Picrinc, 147 
fatal effect of abnormal position ot 
Picnne, 148; adapted for effective 
cryptic colourmg, 149; individual 
colour adjustment in, 149, 152-4- 
305, 306 ; effect of gravity upon, not 
hereditary, 152 ; value of individual 
colour adjustment to, 305 ; value of 
dimorphism in, 310 ; sensitiveness of, 
in seasonal cb^ges, 311, 312; de- 
nved chlorophyll in, 314; of /. po- 
puli rejected by birds, 315-16. 

Pupae, effect of Gravity 
UPON Suspended, V. 151, 152. 
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Pupal groove, Origin of, in 
PiERiNAE, V. 147-50- 
Pupation, method of, m Vane^sidae, 
151 - 

Puritan movement opposed t< 
evolution, 56. 

Puss moth, 159. 

Puttalam, Ceylon, dortppus f. of L 
chrynppus at, 70 n. 2. 

Pymma tree, nest of Murohtera 
in, 290. 

Pytamets tar dm ^ 85 

Q 

Quagga and mare, supposed endur- 
ing effects of cross (telegony), 185 
Quarterly Journal of Micro- 
sooploal Science, 60 n. 3. 

Quarterly Review, 49, 82. 
quercifoltafiastropacha^oonctdXtdi 
among dead leaves, 299 , colour ad- 
justment to lichen, &c., bylar\aof, 

307. 

qut'fcinaria^E ugon , s 1 igh t cocoon 
of, 149, 150, cryptic colouring of 
larva and pupa of, 149, 1 50 

R 

Rabbits, differences in skeletons of 
domestic, 76 , in-and-in breeding and, 
^ , J. Cf Prichard on Angora, 187 , 
value of recognition marking of, 357, 
episematic characters of, compared 
with aposematic of skunk, 358 
Races, Diagnosis traversed 
BY Sub-Species or Geographical, 

II 75, 76. 

Races, importance in the origin of 
species, of sub-species or geogra- 
phical, XVI, 75, 76. 

Radiolaria in classification, 25 , 
consideration of, omitted, 28. 

Radium, life of the sun and, 15 
n, 2 , heat conductivity argument 
and, 15^2. 

Raindrops, prints of, as evidence of 
uniformity, 19 

rapa^, Ptens, in-and-in breeding 
and, 93 ; pupal groove of, 147 ; choice 
ofresting-site by, 301. 

Rapid Adjustable Proteciive 
Resemblance, X. 304, 305. 

Rattle of Crotalusy meaning and 
on^n of, 324. 

Rattlesnake {Crotalus)^ warning 
sound of, 324. 


Rattlesnake’ Huxleys voyage 
in the, 199 

Ray, John, fixity of species and, 56. 
Recent Darkening of N. Eng- 
lish Moths, X 308-10. 

Recent Evidence in Support 
OF Batesian Mimicry, X. 350-6 
Receptaculites in early Palaeozoic, 
27 

‘ Recession towards mediocrijy,’ 

lio. 

Recessive and dominantcharacters, 

XX\-XXX111. 

Heoherohea pour servir k 
Phistoire des inBectes foBsilee des 
temps prlmaires, &c , Charles 
Brongniart, 35 

Reciprocal mimicry, see Recipro- 
cal Warning Colours, &c 
Reciprocal Warning Colours, 
Diaposemaiic Resemblance, X 
344,345 see also 213-15, 330, 331 
Recognition and Warninc. 
Characters, X 315-58 see 
Warning Colours and Signalling 
Colours For divisions, sections, sub- 
sections, &c , see pp 294-6 
Recognuion or Episematic 
Characters, X 357, 358. 

Recognition characters, place in a 
scheme of the bionomic uses of colour, 
226, defined, 315, 357, warning 
(aposematic) characters compared 
with, 357, 358, sounds and move- 
ments as, 357, 358, scents as, 350, 
358, 358 n I , of Ungulates, e g. of red 
deer, 357, of rabbit, 357-8 ; Wallace’s 
interpretation of epigamic characters 
as, 380 

Recognition of sexes perhaps aided 
by discriminating features persisting 
in closest mimicry, 350; probably 
aided by special scent-brands of 
males, 358, 358 n i. 

Red deer, recognition marking 
of. 357- 

Reduction of Shadow by 
Attitude, X. 300, 301. 

ReduviidaCy ant-like larva of 
species of, 257 n. i ; mimicked by 
larva of Hymenopus btcorms, 378 n. 3. 

Begeneratlon, Professor T. H. 
Morgan, 128. 

regifia^ TeracoluSy mimetic of 
Belenois in wet season, procryptic in 
dry, ^41. 

Reid, Archdall, on the different 
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on|iD of domestic and natural 
varieties, xl n. a. 

BeUtlon between Symmetry 
of Sf g and Symmetry of Smbryo 
in Prog, J. W. Jcnkmson, 13a 
Relation of Mimicry, &c., to 
OTHER Resemblances in Nature 
VIII. 225-8: sec also 358-9, 312 
358-61. 

Remarkable anticipation of 
Modern Views on Evolution 
Essay VI, 173-92. 

Remarkable Examples of 
Mimicry, X. 367-9. 

Renewal of lost parts, explanation 
of, 136. 

Reorganization of injured parts of 
egg, 129. 

Repair, explanation of, 136. 
Repose, Choice of Appropriai e 
Surfaces for, X 301 
Reproduction the foundation of 
Syngamy and Epigony, 64 
Reptiles, 26 , rapid evolution of 
brain m higher, 29 ; the ancestors of 
birds, 32 , brain in mammals and 
108 ; rapid colour adjustment in 
305 - 

Research, the ultimate justification 
of, xlvii, xlviii , importance of earliest, 
197, 19^ ; educational value of, 198, 
199 

Betaarohes into the Physical 
History of Mankind, Ed. 2, 1826, 
J.C. Pnehard, 174, 176, and through- 
out Essay VI, 173-92 
Researches on Mimicry, Ench 
Haase, 231, 318, 375 
Resemblance of Butterflies 
to Dead Leaves, VII. 203-6- see 
also 206-8, 299, 302, 310, 31 1, 351, 
353 - 

Resemblance, Mimetic, be- 
tween Species of very Differ- 
ent Size, X. 366-7. 

Resemblance, Mimetic, to 
Cryptic Models, X. 369, 370 
Resemblance, Mimetic, to 
General Appearance of Un- 
palatable Group, X. 376. 

Resemblance of W. Chinese 
ATHVMA and LlMENlTIS TO MALE 
OF Hypoumnas misippus, X. 381, 

382 : tee also 217-18. 

Resemblances, relation between 
mimetic and other, 225-8, 258-9, 
311, 358-61. 


^Responsive’ characters, 144, 143 
Reticulana (Foraminifera) in 
classification, 25 ; remarkable per- 
sistence in geological time of, 27, 28 
rhadamanthus^ Damsepa, see 
dioclettanus^ 373. 

Rhinoirapnae^ mimicry of Hy- 
menoptera by, 252. 

Rhodesia, donppus f of L, chrys- 
tppus from S., 71 n. l ; ant-fike 
Locustid and models from, in S., 257 
n. I , attacks of birds on Lepidoptera 
witnessed in S., 283, 284; and in 
S.E. (Gazaland), 284. 

Rhopalocera, see butterflies 
Rhynchophora, see classification 
of examples of mimicry, 390-1 : see 
Anthrtbidae^ 369, Brenthidae, 369, 
370, Weevils, 250, 261, 307, 369, 370 
Rhynchota, see Hemiptera and 
Homoptera. 

Ridley, H. N , discovery of ant- 
mimic with head represented at 
posterior end, by, 368. 

Ring Dove, fertile painng witli 
domestic pigeon of, 83, 84 
‘ Ringlet ’ butterflies, 210 
Robertson, Captain (Major), on 
larvae of T. populeti^ 157 n i. 

Rock, L(?^//m/iZ-covered, resem- 
bled by MacroclemmySy 378. 

Rock Pigeon, 84 • 

Rodentia, mole-like forms of, 312, 

359. 

Rolleston, George, President of 
Zoological Section British Associa- 
tion, 1870, I 

Romanes, G J , hypothesis of 
physiological selection ’ of, 84 ; on 
instinct as inherited experience, 118 , 
on transfusion of blood and pangcnc- 
S 15 , 125 ; on Lamarckism and van 
able protective resemblance, 152, 
on instincts of Foisonai Hymeno- 
ptera, 160, 161, 164 n. 1 , on instinct 
as lapsed intelligence, 166. 

Roots of grass, protective (pro- 
cryptic) resemblance to, 323. 

rosa, CreniSy recent entrance into 
Natal of, 52 n i. 

Rosako, Usaramo, E. Africa, ant- 
like bug from, 255. 

Ross, Herefordshire, birthplace of 
J. C. Prichard, 173. 

Ross, Captain James, cx^riment 
on seasonal changes of Hudson’s 
Bay Lemming, by, 310. 



ANALYTICAL INDEX 463 

Rotation in relation to shape of Salween R , below Shw^on, 


earth, 8, Q. 

Rothschild and Jordan on per 
sal turn evolution, xvi. 

Rotifera derived from Chactopod- 
like ancestor, 27 , in classification, 
33 

Roux, experiments of, on frog’s 
egg, 128-30, 

Royal Dublin Society, 1 2 
Royal Irish Academy, Pro- 
ceedings of, 3 1 4 n I 
Royal Physical Society of Edin- 
burgh, Proceedings of, 303 
Royal Society, Philosophical 
Transactions of, 150, 185, 262, 
Proceedings of, 262, 3140 2 
Royal Society of Edinburgh, 
Proceedings of, 403. 

rubt^ Thetla^ reduction of shadow 
in, 301 

rubrtpenmsy Lygtstopterus, mim 
icked by Lycomorpha laleicula^ 
231. 

Rudimentary stalks and sockets of 
scales in certain mimetic moths, 251, 
365-6 

Rugose corals in Palaeozoic, 28 
7 ^mna, Djaconia^ resemblance to 
‘ skeletonized ’ leaf of, 302 

• S 

• 

Saccamina, an existing genus in 
the Carboniferous, 27 
J) a^artid parasitica, 357. 

Saliara to Niger mouths, exclusne 
occurrence of alcippus f of L. chrys- 
ippus from, 321, 364. 

Salamander, 130 n i 
Salatura hegtstppus, 373 
Salatura plexippus (genutia), 373 
saltna, Artcmta, experiments on, 

73,74 

Salisbury, Rhodesia, {lortppus f of 
L chrysi^us at, 71 n i , ant-Iike 
Locustid and models from, 257 n. i , 
attacks of birds on butterflies wit- 
nessed 283, 284 
Salisbury, the late Lord, objec- 
tions to Natural Selection by, 2-4, 9, 

10. 

Sahx, Wichura’s proof that Men- 
del’s principle is not followed by 
hybrids of, xxxv n. i. 

Salvin, 0 ., on the sexual brands of 
the Dismorphina, 240; on Ecuador 
form of M, confusa, 266. 


Burma, butterflies attacked by birds 
on, 289. 

sambucaria, Uropteryx, slight 
cocoon of, 1 50 ; cryptic pupa of, 1 50 , 
variable protective resemblance 
probable in pupa of, 1 50 n 2 
Sand (see also desert) protective 
resemblance to, 298, 307, 321 , allanti- 
cryptic use of, 313 ^ 

Sand-wasps, see Fossores. 
Sanders, Cora B , on Burchell’s 
Brazilian butterflies, 53 n. i , on pupal 
stage of y. urticae, 306 
Sanger-Shepherd, illustrations of 
mimicry prepared by, 272 n 2 
sangutjiua, Amesia, with allied 
Chalcosiine moths, rough Mullerian 
mimics of blue Oriental Euploeas, 
376 see also 372 
Sarangesa ehminaia, 283 
Sargasso Sea, 298 
sarpedon, Papilio, eaten by bee- 
eater, 288 , captured by Microhierax 
coerulescens, 289, 290 
satis, Acraea, recent entrance into 
Natal of, 52 n i , resemblance to 
P apt ho morania of, 52 n i 
Satyrinae, Burchell’s Brazilian, 53 
n I , seasonal changes in, resemble 
those of other sub-families, 207, 210, 
211, 310, 31 1, 326, concealment of 
eye-spots of, during prolonged rest, 
210, eye-spots m wet season forms 
of, 210, 211, 326 , tilt or ‘list’ of, 289, 
300, 300 n 5 , Llyniniinae often united 
with, 353 

Saw-flies {lenthredimdae), \ax\ae 
of, mimicked by larvae of E versi- 
color, 238, 239, 239 n. I ; sudden 
assumption of aposematic defence 
by, 320 

Scales, diverse modifications of, to 
promote mimetic resemblance to 
same transparent Ithomiine models, 
263-6 , mimicry attained by loss of, 
251, 276, 365, 366 ; by transparency 
of, 251, 266, 366; degeneracy in 
lost scales greatest in best mimics of 
wasps, &c,, 365, 366 ; great size an 
element in the loss of, 366 , of Echis 
and the production of sound by, 324. 

Scent brands of the male Euploetnty 
334 n. I ; probable episematic use of, 
in butterflies, 358, 358 n. i. 

Schmankcwitsch, on Ariemia 
salina, 73, 74. 



464 ANALYTICAL INDEX 


Schuire, cxpenments on frog’s egg 
by, 129. 

Schuster, Professor, on internal 
clectnc conductivity of earth, ii, 
12. 

sckretberi, Charaxes^ isolated 
wings the only evidence of, in two 
countries, 292 
Solenoe, 159. 

Science and the Empire, 169. 
Science and the Faith, Aubrey L 
Moore, 54. 

Science ProgresB, 173, 310 n. i ; 
Author’s Paper in, onginal form of 
Essay VI, 173 

Sclater, VV L , example of pseud- 
allaposematic resemblance of Mem- 
bracid larva to ant with its leaf, dis- 
covered by, 259 (Fig 7), 260, 280, 
377 

Scorpions, Chaetopod-like ancestor 
of, 27 , Carboniferous and Silurian, 
30, 40 ; perhaps aquatic in Silurian, 
40. 

Scott, D. H , on evolution in 
land-plants, 44, 45 
Scudder, S H,, on fossil insects, 
35 - 

Scytasis^ mimicry of Hymenoptera 
by, 257 n I. 

Sea-anemones in classification 
25 , hermit-crabs carrying sponges 
Ascidians,and, 356, 357 , crabs carry- 
ing, 357 

Sea-urchin, see Echinodcnn, 130 
Seaweed as covering of Stenoi- 
rhynchus^ 3i3-t4' 

Seal, intelligence of, 116. 

Seasonal Dimorphism ira- 
VERSES Diagnosis, II 72, 73 
Seasonal Changes of Butter- 
flies, VI 1 . 206-11 see also 310-12, 
310, 3 j6, 339-42 

Seasonal broods with epigonic not 
syngamic relations, 72 
Seasonal dimorphism probably 
a reaction to stimulus, 73 , changes 
of butterflies and Natural Selection, 
206-11, 310, 311, 320, 339-42; 
change of form in butterflies’ win^, 
206-8, 310, 311; change of butterflies 
in relation to Miillerian mimicry, 

339-42. 

— Changes in : Satyrinae, 207, 

210, 211, 310, 311, 326. Nympha- 
UNAE, 2II, 310, 311, 326; ArascA- 
ftia, 342 ; Byd/ta {Hypams), 87, 341 ; 


Kallima, 206-8 ; 208, 209, 320, 

320 n. I, 339-41. PiERiNAE, 311, 
312, 341 ; Belenots, 31 1, 312, 341 , 
TeracoiuSy 31 1, 341, 342; Huphtna^ 
342. Moths, 31 1. 

— Changes, expenmental investiga- 
tion of physiological causes of, 311, 
312, 340, 341 ; changes of Alpine 
Hare, Ptarmigan, Hudson’s Bay 
Lemming, 310, 313 , changes aggres- 
sive in Arctic Fox and Ermine, 313 
Seasons, difference between the 
struggle in wet and in dry, 208-11, 
311,317, 320 

Secondary mimetic resemblance 
supports Mullerian interpretation, 
345, 345 n. 5 , sometimes closer than 
primary, 345, 346. 

Secondary reptiles, brain of, con- 
pared with Tertiary, 29. 

Secondary sexual characters, see 
Kpigamic Characters and Sexual 
Selection 

Sedgwick, Adam, on Peripatus, 
33 , on relation between acquired 
and genetic characters, 144 n l 
Seed, Bacon’s views on restraining 
power of, 5 ^ 

Segregation of species, H. \\ 
Bateson, 85-7 see also 65 
Selection, Diagnosis ira- 
VERSED BV RESUL FS OF AR*! IFICIAk, 

II. 76. 

Selection, J, C. Prichard on the 
importance of in domestic races, 174. 
186 

Selection, Mechanical, 85 
Selection, Natural, sec Natuial 
Selection. 

Selection, Sexual, see Sexual 
Selection and Epigamic 
Selema illunaria^ 31 1 
‘ Self-adaptation,’ failure of, 153, 
indistinguisnable from ‘internal 
developmental force 153, J C 
Pnehard on, 190-2. 

Self-bred plants, cause of injurious 
effects seen in, 91-4. ^ 

Self-Fertilization, ^apia ^ 
TiONs FOR Cross-Fertilization 
THE CAUSE AND NOT THE CON- 
SEQUENCE OF INJURIOUS EFFECTS 

Sclf-fert dilation of many Orchui- 
aceoff 93. 

Sematic Colours or Warning 
AND Signalling (REcooNiTioNj 
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Colours ; ApOSEMATIC and Epi- Sexual reproduction, Weismunn’s 
SEMATIC Characters, X. 315-58. interpretation of, 127, 128, 137. 

For divisions, sections, sub-sections, Sexual Selection, Epigamic 
& c., see pp. 294-6. Colours, X. 379, 380 

Sematic Colours (sec Warning Sexual Selection . see also Epi- 
Colours and Signalling Colours), gamic , a cause of asyngamy, 65,85-8 ; 
place in scheme of the bionomic uses suggested as cause of mimicry, 225, 
of colour, 226 ; defined, 315. 228, 272 , objection to as explanation 

Semper, Karl, on Natural Selec- of protective resemblance, 227, 228 , 
tion not creative, xxii , letter from objections to as explanation ^ of 
Darwin to, 74. mimicry, 227, 228, 233, 236, 245, 

Senses, Instincts, and Intelli- 246, 260, 261, 267, 270, 273, 

genoe of Animals, &c., Sir John 275, 276, 278-82 , objections to less 
Lubbock, 161. strong than to other alternatives to 

septentnonaliSj Croesus^ habits of Natural Selection, 236 , T Belt on 
larvae of, 238, 239 , transition from white patch of male Dtsinorphtna^ 
cryptic to aposematic defence in 240 , first suggested by Darwin 
gregarious larvae of, 319, 320 (1858), 379, difficulty of theory of, 

serena^ Acra€aymo&t\ of wet f of 379, selection proved by diversity of 
7)\ 34 1 . elements co-operating to produce 

Serpents. 312, 319, 324, 326, 367, effect, 379, supported by observa- 
367 n. 2, 308, 376. P'or analysis see tions on courtship of spiders, 380 ; 
snakes and of grasshoppers, 380. 

seasonal forms of. Shadow, Neutraliz\iion ot, 
208, dry form {sesamus) bred (1898) X 299-300 see also 298, 313 
from wet 208, 339, 340, SHADOW, Adjusiable Neuiral- 

340 n. 4 , attempt to determine the IZATION OP, X 300 
physiological cause of change, 340 , Shadow, Reduction of, by 
procryptic under surface of, while Attitude, X 300, 301 . sed also 
natalensts is a rough mimic of 289. 

339, 339 n 1,340, S African Shadow, importance in desert of, 
l^abitat df, 340. 298 , parallelism of mam pattern lines 

Sesia (Trochtlium), transparency of moth with main lines of, 156, 301 , 
of scales in, 251,366’ see also Troch- cast by dead leaves, resemblance to, 
251, 365, 366. 299, elimination of, in aggressive 

Sesiidae^ mimicry of Aculeata by, resemblance, 313. 

251,365,366. ‘Sham death', meanings of, 323, 

sevenna, Belenots, experiments on 324 , appearance of real death 

seasonal forms of, 311-12. different from that of, 324 , procryptic 

Severity of Struggle Great- m spiders, beetles, caterpillars, 323 . 
EST AT Certain Hours, X. 303 see also 155 ; aposematic in un- 
Seward, A. C , on the earliest land- palatable moths, 323, 324. 
plants, 44 , F. Darwin and, on Shape, relation to general and 
Prichard as an evolutionist, 174 n. 2, special protective resemblance of, 
175 n. I. 297, 298 : see also xxiv n. 2. 

Sex, predetermined in ovum, 133. Sharks, teeth of, on ocean floor, 20 , 
Sexes Alike of both Model m early Palaeozoic, 30. 
and Mmiic, X. 371 Sharp, David, on ant-like bug 

Sexk Different, Male larva, 257 n. i 
Mimicking Male, Female Sheep, Jacob’s experiments on. 
Female, X. 371. 186; J. C. Pnchard on changes of 

Sexes of insects, and Natural fleece of, in tropics, 190. 

Selection, 246, 247 , mimicry and Shelford, R., results obtained by 
the, 215-18, 244-7, 279, 347, 353, quoted m Essay X, 293 ; on mimicry 
372-5 , recognition between per- of Hymenoptera by Bornean Longi- 
haps aided by smell in close corns, 257 n. i, 280; on Bornean 
mimicry, 358. Clytinae as models for other Longi- 
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com*, 348, 349; on mimicry by Silken Loop, Origin of Groove 

Longicoms of Bornean Rhyncho- for reception of, in Pierine 
pbora, 369; on habits of Bornean PUPAB, 147-50. 

Brtnihidati 370; on Asilid fly Silken Loop, may be a trace of 

mimicking Xylocopid bee, 376 ; on former cocoon, 148. 
larvae of Bornean Hymcnopus Silkworm, disease of, 136. 

buomis mimicking bugs, 378 n. 3 ; Silurian, life long antecedent to, 

on mimetic Bornean ChaJcosid moths, 5, 6; tides, 17; Foraminifera, 
275, 375 n. I ; on Proto^onius as 27 , sponges, 28 ; Coelomate phyla, 
example of Batesian mimicry, 351 , 30, specialized forms in, 30, 31 , 

on Elymnias lats as a Batesian Cirrhipedes, 39 , Ostracodes, 39 ; 

mimic, with combination of mimetic Entomostraca, 39; Arachnida, 39, 40 , 
and procryptic defence, 353 ; on the Mcrostomata, 40 ; scorpions, 40 ; 
Elymniinae as examples of Batesian Mollusca, 41, 42 , Chiton, 42. 
mimicry, 372 n. i ; on head of model Singapore, ant-Iike spider and 
represented at tail of mimic, 368 , caterpillar from, 368. 
on snake-like Bornean caterpillar, Sinzaway Chaung, Tenasserim, 

367 n. 2; on possible former south- 290. 

ward extension of Athyma and Siphonosioma typhU^ 299. 
LimenittsTcwmxz^ofmdX^H.mistppusy Size, Mimicry Independlni 

381, 382 , on mimicry of squirrels by OF, X. 366 

tree-shrews, 367 n. i Size, independence of, as clear m 

Shield, caudal, of .S. fagt larva Mullerian as in Batesian mimicry, 

resembles bug, 369; of the Mem- 363, a question of distance, 366. 

broLtdae, mimicry of ant developed Sjostedt, Professor Yngve, on 

in rather than insect itself, 258, ilappus i. of L. chrystppus in the 

258 (Fig. 6), 259, 280, 369, in Cameroons, 321 D i. 

other cases protective (procryptic) Skeleton, Lamarckism and the 

resemblance developed in, 258, 259. Mammahan, ii2 
Shrew-likc mammal mimicked by Skin, J. C Prichard on advantage 
posterior end of chafer, 368. see of black, 190, protective (procryptic) 
also tree-shrews, 367, 367 n 1 resemblance to hair or, 359.* , 

Shnke, Ashy swallow-, capturing Skunks, warning colours of, 315, 
butterflies, 286. episematic characters of rabbit com- 

Shuli, sec Macdougal, xix n. 5, xxi, pared with, 358 
XXII. Slow Adjustable PROTEcnvi. 

Siam, insects’ enemies in, 303 , Resemblance, X. 304-7. 
wet season f. of Precis almana Small Garden White, see aJ^o 
permanent id, 341. rapae, 93, 147, 301. 

Sidgwick, Ai^ur, assistance ren- ‘Small Heath’ Butterfly, 210. 
dcred in the terminology by, 60 n 3, Small Tortoiseshell Butterfly, 306 

61 n 1, 223, 226, 312 n. 2, 344, 381. Smell, unpleasant, associated with 

Signalling and Warning warning characters, 315 , unplcas^mt 
Colours, &c , X. 315-58 . see also m aposematic buttci^ies, 316, 
226. For divisions, sections, sub- pleasant cpigamic m male butterflies, 
sections, &c., see pp. 294-6, 316, 317; emission by gregarious 

Signalling or Recognition larvae of of, 320; aposematic 

Marks, &c., X. 357, 358: sec also in Colaents^ 334 n. 2 ; recognition by 
226. females probably aided by special ^ 

Significance of certain scent-brands of males, 358, 358 n. i 
Seasonal Changes of Butter- SmertnfAusiH:eUa/uSfy4,3^4i^ 2 
FLIES, VII. ao6- II. Smith, S. S., on origin of skin 

Sikkim and N.£. India, companson pigments of dark human races, 176, 

of mimicry by £• undularis m, with 177. 

that in other parts of range, 373. Smok^ elfect of, in Lancs, and 

SUicospongiae in early Palaeo- Yorks, district, 308-ia 
zoic, 38. Snakes, aggressive (anticryptic) 
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resemblance of constricting, 312; 
aposematic sounds of, made in various 
ways, 324 ; birds mimicking hiss of, 
324 , caterpillars which mimic cobra- 
likeand other, 319, 326, 367, 367 n. 2, 
368, 376; latter mimicry Batesian, 
376 ; mimicry of venomous (e. g 
Elaps) by harmless, 367, 376. 

Boc do Biol Faria, 

Sockets, loss of scales by rudi- 
mentary stalks and, 365 
. Solidity, appearance of, removed 
by eliminating shadow, 299, 300,313 
‘ Solution ’ of heterostyled condi- 
tion arrived at by Bateson and 
Gregory, xxvii, xxix-xxxiv 
Somali Desert, dortppus f. of 
/.. chrysippus adapted to, 321. 

Somatogenic characters, see 
Acquired, no, 1 27, 142, defined, 
122, 123, 140-4 , less important than 
bhistogenic, 132-5 
Some Ptoblema of Reproduc- 
tion, Prof. M. Hartog, 60 n 3 
Song in sexual selection, 379 
Sounds, Warning or Iniimi- 
DMING, X 324 

Sounds of warning significance * — 
snakes’ hiss, rattle, vibration of tail, 
swish of serrated scales (Echts) ^24 , 
mimetic, of insects, 25 1 , of birds, 
;^4 , importance of, in recognition, 
357 - 

South, R.,on Palaearctic localities 
of Hypoltmnas, Athyma, and Ltmen- 
lits, 382. 

^uth Africa, F. Gallon, 298. 
South, S E , &c , Africa, see Africa, 
South, S E., &c 

South African Museum, Cape 
Town, 87 

South America, see America, 
South. 

South China, see China, South. 
South India, see India, South 
South United States, see United 
States, South. 

South-East Rhodesia, see Rhodesia, 
South-East. 

Space and Time Relationship 
OF Mimicry, VIII. 247-50 
Spanish colonists unchanged after 
many generations in the tropics, 178. 

Special Aggressive (Anti- 
cryptic) Resemblance, 312, 313. 

Special Creation a theological 
dogma, 56, 57 ; contrasted with 
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evolution by H. Spencer, 58 ; 
Lamarck’s theory and, 98. 

Special Protective (Pro- 
cryptic) Resemblance, X. 298, 
299 - 

special Protection, Evidence 
OF, IN Aposematic Forms, X 316, 

317- 

Special protection accompanied by 
mimicry, within and without rfhe 
group, 335 , often associated with 
highest perfection of mimicry, 335, 

336 

Specially protected insects, the 
enemies of, 317, 318. 

Species and Varieties, Hugo 
De Vnes, \x n i 

Species G^n^ral dee L^pido- 
ptdres, Boisduval, 221 

Species, Whai is a? Essay II, 
46-94 

Species wiih Warning 
Colours Depend for their 
Existence upon ihe Co-Exisi- 
ence of Pvlaiable Species, X. 
3*7 

Species of very Dihereni 
Size Mimetic, X 366 

Species (see also sterility) 
Aquinas, St Thomas, on, 55 , Augus- 
tine, St , on, 55 ; Bacon, Francis, on, 
54, 55 , Bates, H. W , on segregation 
of, 86 ; Bauhm, Kaspar, on, 56 , 
Cuvier on, 56 , Darwin, Charles, defi- 
nition of, by, 46, 47 , on various defini- 
tions of, 59; on ‘close species’, 67, 
attempts to produce physiological 
species by 79, 80 , Dixey, F A, on, 56, 
62n. I ; Huxley, T. H ,on,56, on phy- 
siological and morphological species, 

78 , Jung on, 56 ; Lankester, E. Ray, 
on discarding the word, 62 ; on histori- 
cal criterion^, 63; Linnaeus, Carolus, 
on the fixity of, 54-8; diagnosis of, by, 

58 ; Milton, John, on creation of, 

5, 56 ; Moore, Aubrey L , on, 54-6 , 
oulton, E B., on, 46-^4 , Prichard, 

J. C , on the comparison of adapta- 
tion in varieties and, 189, 190, Ray, 
John, on, 56; Thiselton-Dyer, W. 

T., on, 56, 66 , species and varie- 
ties, 47, 66-8 , sterility between, 

49» 59i 77-8 o» 80-4, 201 , discus- 
sion of, best illustrated by insects, 
50-4; theological aspects of, 56, 
57; various conceptions of, 59-63; 
systematic work not affected by 
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disbelief in permanence of, 59 ; sub- Spiders, remote ancestor of, 


jectjve element in describing, 59, 60 ; 
diagnosis of, 60, 65-8 ; interbiecding 
and, 60 ; structural rdationships of, 
60; syngamic, 60; importance of 
asyngamy in relation to, 60, 65 
descent from common ancestors and 
61 ; synepigonic, 61 ; geographical 
distribution (Sympatry) and, 62 
introduction to discussion of, 63-5 
constancy a critenon of, 63 ; sterility 
of hybrids between, 63, 64 ; import- 
ance of transition in relation to, 64 
diagnosis of, provisional, 65, 76, 77 ; 
origin by preferential interbreeding 
of, 65 , asyngamy the barrier 
between, 65 ; stenlity between, 
caused bv asyngamy, 65 ; objective 
reality of, 65 , definition by dia- 
gnosis of, 65-8 ; transition underlying 
diagnosis, 66 ; the subjective ele 
nient in diagnosis, 66, 67 ; only 
strongly defined varieties, 66, dis- 
continuity as a test of, 66, 67 , failure 
of diagnosis of, 69-76 , dimorphism, 
&c , and, 70-2 , seasonal dimorphism 
and, 72-3 ; individual modification 
and, ^73-5 , geographical races or 
sub-specics and, 75-6 ; results of arti- 
ficial selection and, 76 , provisional 
conclusions of diagnosis of, 76, 77 , 
sterility as test of distinction between, 
77-80, sterility between certain 
artificially selected races, 78-80 , 
stenlity reduced by domestication, 

79 , attempts to produce phy- 
siological, 79, 80 , stenlity between, 
caused by asyngamy, 80-4 ; by 
aspnpatry, 84, 85 , by mechani- 
cal incompatibility, 85 ; by sexual 
selection, 85-8 , importance of 
recording captures tn coitu, 87 ; 
asyngamy from breaking of syngamic 
chain, 88 ; subordination of the 
individual to the, 316, 358 
Speolflo Stabilitjand Mutation, 

Sir W. T. Thisciton-Dyer, xxii 
‘ Spectacles ' of Cobra, meaning of, 

334- 

Spencer, Herbert, great demands 
for pre-Cambnan time made by, 7 ; 
evolution and speaal creation con- 
trasted by, 58 ; Lamarck's theory 
and, 98; on survival of the fittest, 
102. 

Sphex, stinging ganglia of insect 
prey, 161 ; see also 118, 1 19, 160-4. 


Chaetopod-like, 27 ; Carboniferous, 
40; *sham death 'of, 323; mimicry 
of ants by, 252, 253, 253 (Fig, i), 
368 , methods by which mimicry of 
ant IS attained by, 252, 2S3, 253 
(Fig. i) ; colour adjustment of flower- 
haunting, 307 ; courtship of, 380. 

sptllertf PienSy recent entrance 
into Natal of, 52 n. i. 

Spilosoma mendtea, 324 , — ■ urtt~ 
cae, 324. 

Spinalis appears in Tertiary, 42 
spUndens and trawiidn, Isamia, 
and other blue Oncntal Euploeas 
roughly mimicked by cfiumal 
Chalcosiinc moths, 376; see also 372 
Splinter of wood, protective resem- 
blance to, 319. 

Spolla Zelanioa, 300. 

Sponges in classification, 25 , 
long persistence with little change 
of, 28, sea-anemones, Ascidians,and, 
carried by hermit-crabs, 356, 357. 

Spontaneous tendencies are alone 
hereditary, J C Pnehard (1826), 
183 

St^uirrcls, value of tails of, 325 , 
mimicked by tree-shrews, 367, 
367 n. I. 

Stability of Lepidopterous pig- 
ments and Natural Selectiob, xlv. • 
Stalks, loss of scales by rudi- 
mentary sockets and, 365-6. 

Standfuss, M , on Melanism, 
310 n. I ; on seasonal changes of 
Lepidoptera, 31 1. 

St, Annc's-on-the-Sca, N. Lanca- 
shire, C Bailey’s study of 0 la- 
marcktana at, xxi. 

Starlings attacking T. populeti 
larvae, 157 n, i. 

Static conditions, slow colour 
adjustment a response to, 305-7 , 
syncryptic resemblance caused by 
similanty in, 312. 

Stauropus fa^i, 253 (Fig 2), 254. 

369- 

Stems, protective resemblance to, V 
299 ; aggressive resemblance to, 

313- 

Stenorrhynchus phalangium, 313 
Sterility as a test of 

Species, II. 77-80: sec also 59. 
Sterility between Species an 

INCIDENTAL CONSEQUENCE 01 - 

Asyngamy, 1 1 . 80-4 : see also 65 ,91 ■ 
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Sterility, of hybrids, bearing of strigosa^ Acronycla, fertile with 
Darwin’s work on heterostyled plants wild but not with bred males, 
upon, xxviii, 90, 91 ; between species, 87 n i. 

49; difference between Darwin’s Striking Examples of Mul- 
^ and Wallace’s views on, 49, 80, 89 , lerian Mimicry, X. 331-6, 
between Darwin’s and Huxley’s the New World, 331-3 , [b) the 
views on, 49, 77-80, 82, 201 ; Old World, 333-6 

of hybrids, 63, 64, 77 ? 78; be- Stripes of zebra, invisibility pro- 
tween species characteristic, but be- diiced by, 298 
tween domestic races very rare, 77- Struggle for Life, hovrs 


80, between certain artificially selec- 
ted races, 78-80, reduced by domes- 
tication, 79 , attempt to induce by 
selection, 79, 80; not due to Natural 
Selection, 80, 89 , causes of, 80-2 , 
germinal causes of, 80-2 , various 
causes of, 81 n i ; possible between 
ends of ‘ syngamic chain ’, 89 , inci- 
dental rather than selected, 91 , cross- 
feitilization and, 90, 91 . see also 
xxviii , not a test of specific dis- 
tinctness, 91 

Sticks, protective (procryptic) 
resemblance to, 370. 

Stutoploea harnsi^ 372, 376. 
Stillness essential in protective 
resemblance, 298 

Stimulus and Mechanism aa 
Factors in Organisation, J B 
f'armer, 74 n. 2. 

Stimidus to inquiry, interest as 
ft, xliv-xJvi 

Stimulus of light in adjustable 
protective resemblance, 305 ; experi- 
mental investigation into seasonal 
changes and physiological, 311, 312, 
340-2. 

Sting, associated with warning 
colours, 315, 316, no defence if food 
scanty, 317 ; hardness as a defence, 
compared with smell, &c.,and, 370. 

Stinging insects, Batesian mimics 
of, 376; Mullerian mimics of, 376: 
see also 230-1 ; see also bees, Fos 
sores and wasps. 

Stockholm Natural History 
Museum, type f. of Z. chrystppus 
from Cameroons in, 321 n. i. 

Stone, protective (procryptic) 
resemblance to, 298, 301. 

Stonechat, South African, 

Lycaenid chased by, 284. 

Stratified rocks, thickness of, 16; 
lapse of time dormg deposition of, 
16, 17; uniformity of conditions 
dunng d^sition of, 17-19. 

Stray Peatheri, 290. 


WHEN MOST Severe, X. 303. 

Struggle for life see also Natural 
Selection , a factor of selection, 96 , 
utility in the, 105-9 » Palae- 
ontology and, 107-8 , conditions of, 
in insects, 117, 155-7, especially 
severe in winter, 148 , in the dry 
season, 148, 208-11, during pupal 
period, 157-60, in young birds, 
167, 167 n 2, 168, insufficiently 
appreciated by J C Prichard, 191 , 
in S America, 248 , curious evidence 
of, 291, 292 , imperfect knowledge 
of details of, 302, 303 , complexity 
of, 323 , efifect upon insect life ot 
enemies’, 328 

Strutt, Hon R J , on radium in 
rock, 1502 , 

SlUDY OV ADAPIATION STIMU- 
LATES AND DOES NOT JUR 

Inquiry, Introd. \liv-xlvii see also 

74 n 2. 

Study op Insects and Ques- 
tion ‘Are Acquired Char- 
acters ilEREDlTAR\ ^ ’ Essay V, 
139-72 

Siylops, effect of, upon bees, 3S0 
subbutco, Falco, Tcrta^ found in 
stomach of, 284 
Suberttes domuncula, 357. 
Subjective Judgement of 
Discontinuity, Introd wn 
Sub-species or Geographical 
Races traverse DnoNosis, II 
75-76. 

Sub-species, importance for the 
study of evolution, of geographical, 
XVI , united by syngamy, 75, 76 
Sucking, an instinctive action, 1 17. 
Sudan, ant-like Locustid from, 
256, 257, 258 (Fig 5), 280 
suffocans^ Mephitis^ warning 
colours of, 315. 

sulctfosins^ CUofwiSy colour ad- 
justment probable in, 307 

Summa Theol , St. T Aquinas, 

55 
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Sun, life of the, 13-15; radium 
and liie of, 15 n. 3; hypothesis that 
the colours of human races have been 
caused by, 176; pinhole images of, 
said to be resembled, 313. 

Superfluous causes, elimination 

of, 113 

Supernumerary digits markedly 
hereditary, 180, 185 
S<jRFACEs, Choice of Appro- 
priate FOR Resting on, X. 301 
Surfaces, Value of Brightly- 
Coloured, Concealed during 
Rest, X. 303, 304 : see also 325 
Surinam, examples of mimicry in, 
235 ; darkening of mimetic butter- 
flies in, 272. 

Survival of the fittest, see Natural 
Selection, 102 

Swainson, W , letters from W J 
Burchell to, 49 n. 3 
Swallows attacking butterflies in 
S. Africa, 284. 

Swallow-tail butterfly, eye-spot of, 
pecked by kestrel, 210 
Swallow-tail butterfly, value of 
‘ tails ’ of hind wings of, 28 1 , 282 
Sw^low-tail Moth, 150. 

‘ Swam ping effect of intcr-crossing’, 
importance of Mendelian principle 
in preventing, xxxiv, xxxv , Darwin 
impressed by Fleeming Jenkin’s 
argument upon, xi, xl n 3, 3. 

Swine, J. C. Prichard on Cuban, 
187; relation to localities of, 189, 19a 
Swinhoc, Col. C., on dortppus f. 
of L. chryst^pus in India, 70 n. 2. 

swinhoet^ Aferops, capturing 
butterflies, 287, 288 
Swynnerton, C. F M , attacks on 
butterflies and birds witnessed by, 
283, 284, 

Sykes, Mark L , on means by 
which transparency may be attained 
and on different forms of scales in 
mimetic Lcpidoptera, 366 n. i. 

SymraetricaJ injuncs to wings of 
Lepidoptera, 281-3, 3^5 • ^ 

270, 270 n. I. 

Syrapatnc groups, 62. 

Sympatrid, 61 n. i 
Sympatriote, 6l n. i, 

Sympatry, definition of, 62. 
Symphaedra dirtea^ 291. 

Synageles picaia^ 253 (Fig. i A) 
SVNAPOSEMATIC OR COMMON 

Warning Colours (MUllerian 


Mimicry), X. 327-56. For sections 
and sub-sections see pp. 295, 296. 

SVNAPOSEMATIC DEFENCE, SEA- 
SONAL Transition from Cryptic 
TO, X. 339-41. 

SVNAPOSEMATIC DEFENCE, SEA- 
soNAL Transitions in, or from 
Aposematic to, X. 341, 342. 

Synaposematic Resemblance; see 
Mimicry Mullerian introduction of 
term (1897), 223, 328 n. i. 

Syncryptic or Common Pro- 
tective Resemblance, X. 312. 

Syncryptic Resemblance, 312,312 
n- 2, 359, 360 n. I ; definition of, 312 , 
distinguished from mimicry and com- 
mon warning colours, 312, 359, 360, 
analogy with syntechnic resem- 
blance, 312, suggested as interpre- 
tation of mimicry, 32a 

Syndiagnostic groups, 60. 

Synemosynafonmea^ 253 (Fig. I B) 

Synepigonic groups, 61, 61 n. i 
see also epigony , of Pap. dardanus 
[/nerop€)y 72, 72 n. 1. 

Syngamic Chain, Asyngamy \s 

A CONSEgUENCE OF THE BREAKINI^, 
OF, II 88-90 : see also 94. 

Syngamic groups, 60. 

Syngamy underlies Diagnosis, 
11.68,69 

Syngamy, definition of, 60 , histoiy* 
of wo^, 6), 60 n. 3, 61 n i , pro- 
posed by M Hartog to replace 
fertilization, 60 n. 3 , E. B. Poiilton's 
use of, 60, 60 n 3 , summary ol 
significance of, in study of species, 
64, 65 ; as test of species when 
diagnosis fails, 69 ; in Limnas chrys- 
tppitSy 70, 71 ; in Pap. datdanm 
{merop€)^’}i\ rare between mdivicl- 
iiaJs of the wet season brood and 
the dry, 72-3 : sub-spccies united by, 

75, 76 ; the test when structural 
differences are great, 76 ; importance 
of, to the systematist, 77 ; implied in 
transition, 84 ; mechanical pre- 
vention of, 85 ; widespread in /' 
ardut because of powers of dis- 
persal, 85; preferential, 85-8; see 
also 65; cross-fertilization and, 91 , 
advantages of, 93, 94- 
Syntechnic Resemblance, 312, 312 
n* 2, 359, 360 n. I ; definition of, 

312 ; ojMMvn with syncryptic, 3^2 > 
distlnguishec from mrmiciy, &c., 312, 

359- 360- 
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Syphilis, apparent hereditary 
transmission of, explained by ‘ a 
peculiar mode of infection’ (1826), 
184. 

Systematic work, provisional nature 
of conclusions of, 76, 77. 

Systematist, continuity the diffi- 
culty of the, XV, 59, 60, 67 ; how 
affected by views of the Origin, 46, 
47, 59. 

T 

7 cumocampa p(ypuUtt, 157 n i 
Tail of lizard and Lamarckism, 
114; directive value of lizard's, dor- 
mouse’s, and squirrel’s, 325 , warning 
sound made by vibration of snake’s 
324 , head of model resembled by 
mimic's, 254, 368 

Tails and ears, mutilation of, not 
hereditary, 180, 181. 

‘ Tails ^ of butterflies’ wings, value 
of, 281, 282, 325, 325 n, I, 351 
Tait, Professor, on the age of ihe 
earth, 2, 8, 15, 24 , on the cooling of 
the earth, 11, 12. 

Tardigrada in classification, 33 
tarsata, Ponera, with ant-like bug, 
254, 255. 

Tarucus pltnius, 283, 284 
Ta-tsjen-lu, W. China, home of 
mimics of male //. mtsippus, 217 
see also 382-3. 

Taungyah Pass, Dawnat Range, 
Burma, 287. 

Teeth, Lamarckian interpretation 
of forms of, 114, 115. 

Tegetmcier, W. B., breeding ex- 
periment suggested by Darwin to, 
79 

Telegony, supposed example of, 
1S5 

Telephondae mimicking Lyudae, 
276. 

telesiphe, Colaents, a mimic of a 
rarer Heltconius, 334 n. 2 
ielestphe, Heltcomus, though rarer, 
the model of C. tcUsiphe, 334 n. 2. 

temniinckii, Macroclemmys, with 
worm-like lures, 378. 

Temperature (see also External 
Causes) : increment of, with depth 
into earth’s crust, 10; a stimulus to 
change in the pupae of moths, 31 1 ; 
of Bybha, 341 ; of A rase Amo, 342 , 
seasonal changes of Piertnae effected 
by moisture and, 311, 312. 


Tenacity of life and warning 
colours, 316. 

Tenatts, ‘ eye-spots ’ of, 326 , much 
mimicked (by Elymntinae, Hypo- 
Itmnas, and Papiho), 326 
Tenassenm, nests of Microhierax 
with insects’ w mgs found in, 290, 291 , 
291 n. I. 

Tenthredmidae, see Saw'-flies, 2'?8- 
9 , 320 , 

I'etacolus, seasonal changes in, 
31L 312, 341, 342, experiments on 
physiological cause of seasonal 
changes in, 311, 312, combination 
of procryptic and mimetic colouring 

in, 341, 350 

leracolus cuhine, 311, 342, — 
anttgone, 342, — etrida, 231, 349, 
- evemna, 342, — omphale, 31 1, 
342 , —regina, 341. 

Teratology, the material of, valu- 
able for study of individual develop- 
ment, valueless for e\olution, xxxix, 
\ 1 , Prof Windle on, 136 n i 

lerias, found in stomach of Faho 
subbuteo, 284 

7 eriui he Hide, 288. 

Ternate, Moluccas, Wallace dis- 
covers Natural Selection at, 1^4-5 
Terpstphofie per spitiUata, 283. 
Terrapin, with worm-like lures, 

378 

Terror, in man and animals, in- 
spired by snake-Iike caterpillars, 367 
367 n 2, 368 

Tertiary, brain of Secondary rep- 
tiles compared with, 29, brain of 
later mammals compared wath early, 
29 , oldest Pteropoda not know-n 
before, 42 

tessellata, Mehu, carrying sea- 
anemones, 357 

Tettix, mimicry of leaf carrying 
ant by, 260. 

Textularia, an existing genus in 
the Carboniferous, 27 

Thabeitkym, Upper Burma, 291 

n. I. 

Thayer, Criticism ot the 

STAIEMENT THAI ANIMALS ARE 

Conspicuous by, X 321-3. 

Thayer, A. H., results obtained 
by, quoted m Lssay X, 293 , on 
resemblances to dead leaves, 299 , 
on neutralization of shadow, 299 > 
300; adjustable form of principle of, 
300; on conspicuousness of the 
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( monochrome and cryptic effect of Tissues, animaJ^ derived from cells, 


pattern, 321-3, 321 n. 3; on cryptic 
effect (ff iridescence, 322 ; mimicry 
interpreted as syncryptic resemblance 
by, 3»3- 

Theda rubi^ 301, 

ihelxiopcy NdtconiuSj varieties of, 
69. 

Theories of Evolution, Essay 
in, 95 - 119 - 

Theories of Heredity, Essay 
IV, 120-38 : see also 142 n. i. 

Theories of Mimicry, Essay 
VIII, 22o-7a 

Theory of Natural Selection 
AND T. H. Huxley, Essay VII, 193- 
219. 

Theory of the Origin of 
Varieties, J C Pnehard, 185-7. 

Theory, the Evolution, A. VVeis- 
mann, Eng. transl., 164 n. 2, 375. 

Thiselton-Dyer, Sir W. T., on 
mutaUons due to cultural conditions, 
xxii ; on Deductive Biology, xlvn, 
xlvii n. I ; on older writers on species, 
56 , on diagnosis of species, 66 
Thompson, D’Arcy, on Laws of 
Growth, 224, 225 

Thomson, Sir W, see Kelvin, 
Lord. 

‘Throwmg back ', see atavism, 125 
Thrum-eyed and pin-cyed pnm- 
rose, Darwin’s, Bateson’s, and 
Gregory’s work on, xxvii-xxxi 
Thundiani, king-crow attacking 
butterflies at, 285 
thyodamas, Cyrestis, eaten by bee- 
eater, 288 

Thyndia pstdii^ 264, 265 
thysa^ Betenois, Mullerian mimicry 
of Mylothns far more developed in 
dry than m wet f of, 341 
Thysanoptcra of Commentry Car- 
boniferous, 35. 

iibulluSy the E. sub-sp. of Papdto 
dardanus (merop^), 337, 338, 374, 
374 n. I, 375 : see also dardanus. 

Tidal retardation, 7, 8. 

Tide^ did not prevent tranquil 
deposition 10 Silurian, 17. 

Tiger, aggressive resemblance of, 

Time and Space Relation- 
ships OF Mimicry, &c., VI I L 
247 - 50 - 
TUamj 78. 

Ttrumala {Meltnda) morgeni^ 337. 


121, 

Tdhorea, resemblance of Ndt- 
census to, 235. 

tityusy Haemorrhagia, loss of scales 

by, 365 

Tobacco, Kblreutcr on varieties of, 

78 

Tongue, worm-like lures of Macro- 
clemmys beneath, 378 
Toro, W Uganda, overlapping of 
eastern Danaine (Amaurts) and 
western Acracine {Plancma) rr^els 
in, 338- . 

Toronto meeting of the British 
Association (1897), 263 
torquaia^ Praiincoia^ chasing 
Tarucus piimuSy 284. 

torquaJtnuSy Papthoy \V. C, Hewii- 
son on, 57 n. 1. 

torquaiusy PapthOy W C. Hewit- 
son on, 57 n. 1. 

Tradition as an incentive to re- 
search, xJii , paper the material 
basis of, 170-2. 

Training, results of, not hereditary, 
136. 

Transfusion of blood and pan- 
genesis, 125. 

Transition from Cryptic to 
Aposematic Defence, X. j 18-20 
Transition Geographicaj^ 
FROM Aposematic ro Crvpiic 
Defence, X. 320-j. 

Transition, importance to the 
systcmatist of, 64. see also Con 
imujty, XIV, XV , the foundation of 
diagnosis, 64 , diagnosis and, 66 , 
as a test of varieties, 66, 67, sub 
lectivc element in, 66, 67; Huxleys 
Dclicf (1859) that species are uncon- 
nected by, 195. 

Transitions seasonal, in modes of 
protection, 320, 339-42. 

Transmission of Acquirfd 
Characters, Bearing of Stud^ 

OF Insects upon, Essay V, 139-72 
Transmission of Acquired 
Characters (Experience), beak 
JNG OF Insect Mimicry and 
Warning Colours upon, V. 166-S. 

Transmission of Acquired 
Characters impued by the 
Theory of External Causes, 
VIII. 267. 

Tranamission of Acquired Char- 
acters by heredity ; see also Acquired 
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Characters; essential to Lamarck's Trinidad, examples of mimicry in, 
theory, 99; forms of teeth and, 114, 235 ; colour of the chief Ithomime- 
US ; forms of joints and, 112, 114, centred combination m, 350, char- 
115; Hhe germ-plasm and, 131-2; acter of under surface of mimetic 
discussed and rejected by J. C. Protogomus \x\, 

Prichard (1826), 177-84 ; required by tnnodosus, Hetefonotus^ mimicry 
the interpretation of mimicry by the of ant by, 258 (Fig 6), 259 
theory of external causes, 267 Tristram, Canon H B , on colours 

Transmutation of species, Huxley’s of desert animals (1859), 195, 196. 
belief in (1859), 195 ; older beliefs m, Triton, see newt, 130 • 

54-6. Trochammma, an existing genus 

Transparency, attained in diverse in the Permian, 27 
ways in Lepidoptera, 263-6 , by loss TrochiltiDu (see also Sesta) 
of scales in mimetic moths, 251, 276, method of attaining transparency in 

365 ; by transparency of scales, 251, mimicry of wasps by, 251, 365, 366. 

266, 366 ; in oceanic forms, 298. Irothihum {Sesia) apt former 365 , 

Tree-shrews mimicking squirrels, — irabrontfortne [bembectfo?7n€),it)6 
367, 367 n. I ; distasteful qualities of, irophotnus^ a female f. of the 
367 n. I. Papilto dardanu7> group, mimicking 

Trees, fossil, as evidence of uni- Limjtas ihrysippus, 374, 374 n i , 

formity of conditions, 18, 19 bred from female forms (tophonius 

Trepsickrois muktber, 372, 376 and hippocoon, 72 n i see also 

Ti las, appearance of Limulus 10,40 dardanus 

trtdenSf Acronycidy uniformity in Tropical America see America, 
broods of, 87 n i Central and South. 

Trilobites among the earliest Tropics, change of fleece in, 190 

fossils, 5, 30 , preserved with anien- Tryphaauiy value of bright hind 

nae, 17, 39; ancestral position of, wings of, 303, 304 
38, 39, dominance of, in oldest Iryphatna pronuba.ix^XK 2 
rocks, 39 ; rapid decline of, 41. Tschermak, rediscoveryofMendel’s 

Tnmen, Roland, on recent changes principle by, xxix 
•in the aistribution of African butter- Tse-tsefly, limit imposed on higher 
flies, 52 n I , discovery of mimetic animals by, 100 
females of Pap. dardanus by, 57, tugela^ Precis, under side procryp- 
57 I , on dai^ppus f of Z chrys- tic in both wet and dry seasons, 340, 

ippus in S. Africa, 71 n. 1 , on S African habitat of, 340 

preferential mating of African butter- Tunicates, uncertain ancestry of, 
flies, 86-7 , on seasonal fonns of 26 

Hypants {Bybha) acheloiay 87, on ‘ Tussocks fine branched hairs of, 
tropical biological stations, 89, 89 n i, 325 ; defence afforded by, 325, 326. 

90, on African mimicry, 222, on Tutt, J W , on darkening of N 
African Mullerian mimicry, 223 n. 6; moths, 309, 309 n i 
on Mullerian mimicry of AlettSy &c , Twins, see ‘ identical ’ twins 

for Z chrysippusy 232 ; description of Twins with differences greater than 

planetnotdes female f. of Pap. dar- between ordinary brothers and sisters, 

danus hy, 374 n 3. 135 

trimenty a primitive female f. of Twigs, protective (procryptic) re- 

the Papilto dardanus group, 374, semblance to, 298, 299 , procryptic 

375 J roughly mimicking Atnaurts resemblance to swaying, 360 
ntavius f. doniinicanuSy 374 n. 2. Tylor, Professor E. B , on ongm 
see also dardanus. of implements, 109 , life of J. C 

Trincomalie, Ceylon, donppus f. Prichard by, 173 
of Z. chrysippus at, 70 n. 2. typhle, Stphonostovia, concealed 

Tring Zoological Museum, re- among leaves of Zosteta in shallow 
searches on geographical distnbution water, 298, 299 
at, xvi ; specimens of Lt. chrysippus tytia, Caduga, mimicked by Pap. 

321 n. I. ages/or y 371. 
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Uganda, overlapping of eastern 
Danaine {Amaun's) and western 
Acracine {Planema) models in, 338. 
Umbelliferac, E. picipes on, 255. 
undttiarif, Elymnias^ female of 
mimics Salatura plexi^pui {^enutta) 
m N. £. India and Sikkim, and S. 
htzenppus in Burma, 373. 

ungulates, episematic markings in, 
357 ‘ 

Uniformity of conditions during de 
positions of stratified rocks, 17-19 , 
shown by flying organisms, 18 
shown by fossil trees, 18, 19; shown 
by prints of raindrops, 19 , of pat- 
tern throughout nauseous groups, 
reasons for, 234, 277-9 • of Australian 
Hymenoptera Aculeata, 278. 

United States and Lamarck's 
theory, 97, 98 , opinions on evolution 
in, 100, negroes unchanged by 
many ^nerations in, 1 78 , mimicry in 
butterflies of, 274 ; Terrapin {Afacro- 
cUmtnys) with w'orm-like lures in 
southern, 378. 

Universal Eeview, 7. 
Unpalatability associated with 
warning colours, 315 , no defence if 
food scanty, 269, 317, 317 n. 4 
Unpalatable insects, special ene- 
mies of, 317, 318. 

Unpleasant smell as a protection, 
see smell. 

Untenuohungen uber die Mimi- 
cry, Erich Haase, 231, 318, 375. 

Upper Amazon, see Amazon, 
UpMr, 273. 

uranttda^y Paptho mimicked by 
moth {Epneopeia"^ belonging to, 371 , 
Papilio mimicking moth {Alcuiis) 
belonging to, 371 

Uranium and radium, beanng 
upon life of the sun of, 1 5 n. 2. 

uranoscepus, Ceratias^ phosphor- 
escent lure of, 378 
Uric acid and derivatives in Picrinc 
pigments, 262, 263. 

umaria^ Ammophilay instincts of, 
163. 

Uropieryx sambucariay 150, 150 
n. 2. 

vrticMy Spilosomay aposematic 
atttinde ^ 324. 

urtkaty Vanenay struggle severe in 
pupal sta^ of, 306 ; power of colour 
adjusunent of pupae of, 306. 


Usaramo(Rosako), E. Africa, ant- 
like bug from, 254, 255, 355 (Fi^. 3). 

Use and disuse of parts, hereditary 
transmission of (use-mhcntince) : 
sec also Acquired Characters ; La- 
marck’s theory and, 98 ; an attractive 
conception, loi ; transmission of 
‘acquired characters’ involved by, 
1 10; arguments against, 114, 115; 
pangenesis and, 126; continuity of 
germ-plasm and, 131, 132; heredity 
and, 137; Natural Selection explains 
eflfects apparently caused by, 137, 
138. 

Utility, see also Natural Selection , 
Natural Selection and, 105-7 , Palae- 
ontology and, 107, 108 ; Kirby and 
Spence on mimicry and, 221. 

V 

Vail, see Macdougal, xix n. 5, 

XXI, XXIl. 

Value of Brightly-Coloured 
Surfaces Concealed during 
Rest, X. 303, 304 : see also 325. 

Valvulina, an existing genus in t’le 
Carboniferous, 27. 

Van Beneden, on the preparauon 
for fertilization of the germ-cells, 
xxxi. 

Vanessa kaschmtrensis, 285.* 
urticae, 306 

Vanessidae, method of pupation 
in, J51 ; pupae of, aflfccted by gravity, 
151, 152; compared with nauseous 
groups as regards uniformity, 277 , 
spiecies of, captured by king-crow, 285, 
colour adjustment of pupae of, 306 , 
struggle for life m pupae of, 306 
varicdfilis^ Eshgmemda^ mimicking 
Hispuioiy 261. 

Variable Protective Resem 
BLANCE IN Insects, V. 152-4: ^ec 
also 149, 150, and Adjustabu 
Protective Risemblance, ^ 
304-7. 

Varlfttion d*i Helloonla 
xiopo et Vfit*, M. Chaik^^ 
Obcrthiir, 69. 

Variation, Heredity and 
lution, R. H. Lock, xv n. 2, xvn n 1 
and D. 2, xix n. 5, xx, xx n. 2, 
xxiv n. 3, xxvii, xxix, xxxvi, xxxvn 

” TarlaUoa In Animale and 
Plant#, H. M. Vernon, xxxv n. 3 . 
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Variation under Domettioa- 
tton, C. Darwin, xxiii, 79. 

Variation, independent and corre- 
lated, *66 n. 2 ; modification distin- 
guished from, 73 n. I ; interbreeding 
checks excessive, 94 ; a factor of 
ielection, ^-6 , not explained by 
selection, 9^ 97 , sudden large, no; 
Weismann's hypothesis on causes of, 
127, 128, 1^7 , believed to be due to 
hereditary influence of environment, 
137 ; predetermined in fertilized 
ovum, 137, 142, 183 see also xxxvi, 
xxxvii, xxxvii n I , the raison ifetre 
of sexual reproduction, 137 , variable 
protective resemblance and the causes 
ofp 1 S 3 » 154; Prichard on the obscure 
origin of, 176 ; Prichard on adapta- 
tion as caused by laws of, 190. 

Varieties, species and, 47, 66-8 , 
transition as test of, 66, 67 , tendency 
towards interbreeding between simi- 
lar, 85-8 ; ‘ product m the race, 
have their beginning in the original 
structure of some particular ovum or 
germ’ (1826), Pnehard, 183; sudden 
origin of human, 185 , Pnehard on 
adaptation in species and, 189, 190 
Various conceptions of 
Species, II. 59-63, 

VAR^pUS USES OF TERM MIMI- 
•cry : Essential Element in 
Mimicry, X. 359-61. 

Venation, importance of, as com- 
pared with colour, wii 
Venezuela, character of chief mi- 
metic butterflies in, 273. 

Venezuela and Central America, 
colours of a chief Ithomiine-centred 
combination in, 35a 
Ventral glands of Croesus larvae, 
239, 320. 

Venus, the question of water on, 14. 
verbosely CuculltOy cryptic resem- 
blance of moth of, 319; transition 
from aposcmatic to cryptic defence 
of larvae of, 318; cMdence of dis- 
tastefulness of, 318* 

Cerbascumy Giirtncr on, 78 ; Dar- 
win on sterility between varieties of, 
79 - 


Verhandl. der k.-k, ■ool.-botan. 

25^ 358, 303. 
VeHiandL d, V. Intomat. Eool. 
Congr. 1. Berlin, 271. 

1 M., introduction to the 
y of Mendeliim by, xxxv n. 2. 


verst colory EndromiSy mimicry of 
saw-fly larvae by larvae of, 238, 239, 
239 n. I. 

Vertebrata, bearing of In- 
sect Mimicry, &c , upon supposed 
Hereditary Transmission of 
Experience in, V. 166-8 
Vertebrata, 43 : see also classifica- 
tionofexamplesof mimicry, 393; evo- 
lutionof, xliii, 26,27, 30, 31 , m classi- 
fication, 25 , progressive changes of 
lower Phyla even slower than those 
of, 28 , of early Palaeozoic, 30, 31 ; 
specialized character of earliest 
known, 30, 31 , past history inferred 
from comparative anatomy of, 32 , 
origin of limbs of, 108, 109, intelli- 
gence of the higher, 116, 117, in- 
stincts of, 116, 117. 

Vespa, comb-making instinct of, 
prior to experience, 164, 165 
vesla, HeliconiuSy varieties of, 69 
Vestiges of the Natural History 
of Creation, R Chambers, xviii, xix, 
104, 105, 175 

Vetch, ant-like Locuslid and models 
on Rhodesian, 257 n i 

vetustuSy HelicontuSy piimics 
Meltnaea in B Guiana, 332, 

Victoria Nyanza, eastern and west- 
ern sub-sp of Ainauns meeting at, 
xxxv, 69 : see also 335 , the meeting 
place of certain E and W. African 
models and their mimics, 338 , range 
of meropCy sub-sp of Pap. dardanus, 
from VV. coast to, 374, 374 n 3 - 
Vines, Prof. S H , on the study of 
adaptation as a stimulus to inquiry. 


xlvi n. I 

vtnula, DuranutUy caustic potash 
for softening cocoon secreted by, 1 59. 

vtolae, Atraeoy proved to be un- 
palatable, 269. 

vtrtdiSyLacerta,\.tTn^tdi by, but ulti- 
mately relished snake-like caterpillar, 

{^olcanic dust on ocean floor, 20 

Volucellay resemblance to humble- 
bees of, 221: see also 251, resemblance 
not aggressive, 378 ; larvae of, proba- 
bly beneficial to humble-bees, 378. 


W 


Wabosakhan Camp, Burma, king- 
crow unable to detect Melanitis at, 

288, 280. . r- 7 ^ 

wahfbergiy Hyfohwnas (Eurana), 
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replaced by western H, umifudon 
near V. Nyanzai in accordance with 
correspond ing geographical replace- 
ment of Danaine n^ds, 338. 

wakefeldit^ Godartta^ recent en- 
trance into Natal of, 53 n. i. 

Walker, Commander J. J , on 
enemies oif D, bifida pupae, 158. 

Wallace, Statement of Con- 

DITiONS UNDER WHICH PROTECTIVE 

Mimicry Occurs, by, X. 361, 362. 

Wallace, Alfred Russel, letters 
from Darwin to, on individual differ- 
ences and single variations, xl n. 3, 3 ; 
and on geological time, 6 ; minute 
differences the basis of evolution 
according to Darwin and, 3 ; concep- 
tion of Natural Selection by Darwin 
and, 48; controversy with Darwin on 
interspecific sterility, 49, 80,89; Bates 
quoted by, 51 n. i, joint essay of 
Darwin and (1858), 95-7, 194-6 • see 
also xxxvii n. 2, 48, 58, 200, 222, 379 , 
on selection and sclf-fertilizalion, 92 
n. 4; on in-and-in breeding, 93, on 
struggle for life in young birds, 1670 2 ; 

J C. Pnehard as a remarkab’e pre- 
decessor of Darwin and, 1 92 , writings 
on evolution by, before discovery of 
Natural Selection, 194; discovery of 
Natural Selection by, 194, 195 , on 
protective resemblance of Kailtma 
203, 206, 207 ; on mimicry in the 
Oriental Region, 222 , early views of, 
on mimicry between models, 222, 
early acceptance of Mullerian mimi 
cry by, 223, 327, on mimicry a form 
of protective resemblance, 226, 
348 ; on advantages of female mimi- 
cs, 246, 279 ; on similarity of con- 
ditions in W. Africa, S. America, and 
Malaya, 248 ; on mimicry m verte- 
brates, 367, 367 n. I , on the mimicry 
ofRbynchophora by Longicoms, 369; 
on hardness the special defence of 
^weevils and Anthribida/, 269; re- 
jection of sexual selection by, 379; 
interpretation of epigaroic characters 
as recognition marks and as due to 
sundus activity, 380. 

Walsinjgham, Lord, on the value of 
bright hind wmgs of moths, jcc., 

^^ARNiKo Colours and Mimi- 
cry, BEARING ON SUPPOSED HERE- 
DITARY Transmission of Expe- 
rience OF, V. 166^8. 


Warning and Signalling 
(Recognition), or Sematic 
Colours; Aposematic and Epi- 
sEMATic Characters, X. 3^5-58. 
For divisions, sections, sub-sections, 
&c., see pp. 294-6. 

Warning or Aposematic 
Characters, X. 315-26. For sec- 
tions £C€ pp. 294, 295. 

Warning in Common or Syn- 
aposematic Characters, X. 327- 
56. For sections and sub-sections 
sec pp. 295, 296. 

Warning colours (aposematic 
characters), sec also Mimicry 
Mullcnan ; place of, in a scheme of 
the bionomic uses of colour, 226, 
327 , definition of, 315 ; introduction 
of term ‘aposematic’ (1890), 223, 
recognition characters compared 
with, 357, 358 , protective (pro- 
cryptic) resemblance contrasted with, 
315 ; education of enemies and insect, 
16^8 ; supposed hereditary trans- 
mission of experience and, 166-8, 
268, 269,316, especial development 
in wet season of, 308-9, 317, 339-42 , 
male //. tnutppus and, 217 , flight 
slow in insects with, 323 ; patterns of 
upper and under surface often simi- 
lar in butterflies with, 323;, special 
conspicuousness of the under surface* 
of butterflies with, 333; Finn’s ex- 
periments on insects with, 269, 279 
n i* 3*7, 3*7 n. 4, evidence of 
Flection by wild birds of moths with, 
204; species rather than individual 
benefited by, 316 , tenacity of life m 
species with, 3*6 , waste of life pre- 
vented by, 316; various means of 
special defence associated with, 315 - 
evidence by F. A. Dixey and G. 
i^gstafif of unpleasant smell m 
butterflies with, 316, 3*7, 3*7 ^ ’ 

more evidence required of special 
defence in insects with, 3*7 ; chiefly 
developed when insect life abundant 
3 1 7 ; a danger m time of nungy , 3 * 7 j. 
special enemies (e.g. cuck^), 
forms with, 317, 318; no real immunity 
of forms with, 318; forms with, com 
peUed to hide in time of stress, 3^^ 
see also Dry Se^n and Winter , 
importance erf* instincts for display oh 
323, 304; importance of ‘ sham death 

in forms with, 3 ^3, 3^4 ; gregarious 

habit in forms with, 318, 320; ' 
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to a measure of protective (pro- 
cryptic), resemblance ^m, in Z, chrys‘ 
^20, $21 ; transitions between 
protective resemblance and warning 
colours, 318-31, 333, 324; limits 
to effect of, in Aculcates, Euplocas, 
Ithomiines, &c., 322,323 ; conditions 
of struggle determine degree of con- 
spicuousness of, 323 ; advantage of 
resemblance between forms with, 
337-8 ; mimicry often combined with, 
347 ; mimicry especially found in 
groups with, 347, 348 ; habits of cer- 
tain Brenthtdiie and weevils bring 
about, 369-70. 

Wasp-beetle, 238, 251, 252, 348, 

363. 

Waaps, Social and Solitary, 
G. W and E. G. Peckham, 118 n 1 
Wasps (see also classification of 
examples of mimicry, 389-93) 
mimicked by diverse methods, 250 2, 
280 ; umfonnity throughout many 
species of (Mullerian mimicry), 232, 
278 , advantage of resemblance to, 
281 ; limit to conspicuousness of, 
322 ; many examples of mimicry of, 
Batesian, 376. others Mullerian, 
230-3, 376 

Waste of life prevented by warn- 
ing colours, 316 

Waterhouse, G. R., on wide differ^ 
ence between domestic races, 76 
Wattenwyl, Brunner von, 
Hypertely of, X 302, 303 
Weevils (see also classification of 
examples of mimicry, 390-1) colour 
adjustment probable in Cleonus, 307 ; 
hardness as the defence of, 261, 369, 
370 , conspicuousness of certain large 
African, 370. 

Weir, J. Jenner, on the value of 
bright hind wings of moths, &c., 

303. 304. 

Weismann, August, appropriation 
under the name of Mendel of dis- 
coveries made by, xiii, xxxvi, xxxvii, 
xxxvii n. I ; on characters predeter- 
mined m the germ, xxxvi, xxxvii, 
xxxvii n. I, 135; Amixia of, 60; 
Amphimixis of, & n. 3 : on Acquired 
characters or Somatogenic char- 
acters^ no, 133 ; on causes of germ 
variation and significance of sexual 
reproduction, 137, 128, 137; con- 
tinuity of the germ-plasm of, 127-36 ; 
on germ-plasm in the nucleus, 128; 


on heredity and transmission of 
acquired characters, 132 ; on effect 
of cessation of Natural Selection 
(panmixia), 138 : see also xxxvii n. 3 ; 
stimulating efect of writings of, 139; 
definition of acquired and inherent 
characters by, 142 ; on Lamarckism 
and the cocoon-making instinct, 164 
n. 2 ; views of, on heredity and 
acquired and inherent characters 
anticipated by J. C. Prichard, 174, 
175, 178, 179, 183 ; first led to doubt 
transmission of acquired characters 
on theoretical grounds, 181 ; on 
seasonal changes of Lepidoptera, 
311 , on seasonal forms of Araschntaj 
342 ; use of incorrect term ‘ immune ' 
adopted from Haase by, 375 ; 
mimicry in Pap. dardanus {rnerope) 
and in butterflies of Eastern Brazil 
erroneously figured by, 375, 376 , 

‘ Mimicry-nng ’ of, 376 
West Africa, see Africa, West. 

West China, see China, West 
West Indies, J. C Prichard on 
English colonists unchanged after 
many generations in, 17S : see how- 
ever 187 ; H mtstppus ranges to, 
216. 

Westminster Review, 78. 
Westwood, Prof J 0 ., on non- 
mimetic species of mimetic genera, 
274, 275, on a wonderful example of 
secondary Mullerian mimicry, 346. 

Wet season, the time of plenty, 
208, 209, 317, 326, form of butter- 
flies’ wings in, 206, 207, 310, 31 1 , 
warning colours and ‘ eye-spots ’ 
specially characteristic of, 208-11, 
3i7i 326, 339-341 , aposematic forms 
of African Precis in, 208, 209, 320, 
320 n. I, 339-41 ; butterflies much 
upon the wing in, 209 , advantage of 
warning colours and ‘eye-spots’ in, 
209-11, 317, 320, 326 , mimicry 
developed in broods [Precis, Byblta, 
Teracvlus) of, 339, 339 n. I, 340-I , 
mimicry less developed in broods 
{Belenois, Teratolus, Huphtna) of, 

34 L 342. ^ , 

Wetzel, experiments on frog s egg 
of, 129. 

Whale, ear-bones of, on ocean floor, 

20. 

‘What is a Species?* Essay II, 
‘What is a Species?’ Intro- 
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DUCTION TO Discussion on, II. adequacy of Mutation to account for 


63-5- 

Whcwcll, W., on the study of 
Final Causes as a stimulus to inquiry, 
xlvi n. I. 

White Admiral, 342 see also 
Ltment^is, 218, 274, 342. 

White under surfece of animals 
interpreted by A. H. Thayer, 299. 

Whiteness, J. C. Prichard on local 
development of, 187. 

‘ Why ’ and ‘ How both answers 
essential, xlvi, xlvii. 

W ich ura, proof that hybrids of Sn/ix 
do not follow Mendel’s principle 
by, XXXV n. i. 

Wiggins, C. A., butterflies from the 
V. Nyanza collected by, 69 , on //. 
fnmppus and its model, 216 n i 

Wight, Isle of, effect on plants of 
wind in, 75. 

Windle, Prof. B. C A , on Roux’s 
researches, 128 n. i , on Teratology, 
136 n. I. 

Wings, stability of pigments in 
butterflies’, xlv, xlv n. i, 53 , as evi- 
dence of uniformity of conditions in 
geological times, 18 ; insects in 
oceanic islands often without, 18 , 
immense size of, in Carboniferous 
dragon-flies, 18, 37 , fully developed 
in Carboniferous Phasmids, 36 , evo- 
lution of insects’, 36, 37 ; ancient 
insects probably with six, 37, seasonal 
change of form in butterflies’, 206, 
207, 310, 31 1, eye-spots especially 
developed on under surface of, 210, 
21 1, 326, 340, 341 ; of butterflies 
injured as if by enemies, 270, 270 n i, 
281-3, 325. darkening of hind, in 
Guiana mimetic butterflies, 272, 
273. 33I1 332, 350. of dragon-flies, 
butterflies, moths, flies, and cicadas 
in nests of Mtcrohierax, 290, 29 1, 
291 n. I 

Winter moth, 156 
Winter, the time of stress, 148, 
209,317,320 see also dry season. 

Wisconsin, 118 n. i, 252, 253, 256, 
380. 

Wlsoonaln Geologrloal and 
Natural History Survey, 118 n. i 
Wood splinter, protective resem- 
blance to, 319 

Woodland in S. Africa, definition 
of, 340 

Woodpecker, Darwin on the in- 


the, XIX. 

Woodward, Henry, on evolution 
of Crustacea, 40 n. I. • 

Worms, prey allured by pseud- 
episematic resemblance to, 378. 

Wortman, Dr., on formation of 
joints by pressure, 115. 

Wright, Miss F. A , on pupal 
stage of V. urttcae, 306 

X 

xenodes, Papilio, a Danaine mimic 
not attacked by bee-eaters, 288. 

Xylocoptdae, see classification of 
examples of mimicry, 389, 391-2. 

Y 

Yerbury, Col. J W , on forms of 
Ltninas chrysippus, 70 n. i, n 2 , on 
Pan"! fly mimicking Hymenoptera, 257 
n. I , direct evidence of the attacks 
of birds on butterflies obtained by, 
283, 285, 286 

Yoonzaleen River, Burma, 290 

Yorkshire and Lancashire, recent 
darkening of moths in, 308-10 

Young enemies, Mullerian mimicry 
and, 1^-8, 212-15, 222, 278,-327- 
31, 366; advantage of episematic 
markings to, 357. ® ^ 


Zea, Darwin on sterility l^etvveen 
selected varieties of, 79, 

Zebra, invisibility of, 298, 

ZeitBohr f WlsBenBchaft. Zool , 
84 n. 2, 334 n 2. 

2itemus, Melanihs, king-crow 
unable to find, 288, 289. 

Zittel, Karl A., Palaeontologie 
by, consulted for Essay I, 43 
Zonosovia {Ephyra), cocoon re- 
placed by loop, (XC , in, 150, parallel- 
ism with Pterinae^ 150 , cryptic 
colours of larva and pupa of, 150, 
unique dimorphism in larva and 
pupa of, 1 50. 

ZooL Brgeb, elner Reise in Ost 
AMka, F. Stuhlmann, Hemtptera^ 
Gcrstaecker, 255. 

Zoological Congress at Berlin 
(1901), AuthoPs English Address to, 
the original form of Essay IX, 271 , 
Report of the, 271. 

Zoological Booiety of London, 
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ProoeedingB of; 70 n. 3, 153 n. i, 
223, 230, 257 n I, 259, 260, 27s, 
276, 280, 286, 31;, 318, 319, 319 
n I. 353 . 367 n. 2, 368, 3^, 378, 
378 n 3 

Zoologist, 84, 155 n. 1, 159 n. 2, 
291 n I 

Zoonomia, Erasmus Darwin, 140, 
141 

Zostera, S. concealed among 
leaves of, 298, 299 

Zygaentdae, a distasteful family of 
diurnal moths, Mullerian mimicry 


in, 372 ; CAaicomnfU, a suWamily 
of, mimicking Danainae and Pa^h(h 
ntnae, 33 1 ; rough Mullenan mimics 
of blue Oriental Euploeas, 372, 376. 

Zygosis or fcrtiliration, xxxi ; in- 
ferences as to precursors (allelo- 
morphs) of Mendel lan characters in, 
xxxi-xxxiii, proposed by Lankester to 
replace fertilization, 60 n 3 

Zygote or fertilized germ, Merj^el- 
lan inferences as to \\\i-xxxiii , the 
immediate product of fertilization, 
60 n 3 
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most ardent votar}^of science holds his firmest convictions 
. . . because his experience teaches him that whenever he 
chooses to bring these convictions into contact with their 
primary source, Nature — ^whenever he thinks fit to test 
them by appealing to experiment and to observation — 
Nature will confirm them ’ But with respect to Natural 
Selection as it required the student of living nature to 
discover the principle itself, so the experience which brings 
confidence in it is that mainly of the naturalist The 
strongest confidence in the abuiing truth of a theory is 
gained by those whose imagination has been inspired by 
it. Every verified prctliction made in the light of Natural 
Selection places the theor) u[)on a more secure foundation 
That foundation has Ix^en growing firmer for nearl\ half 
a century, but, as I liope to show b\ illustration in tin 
remaining section of this adtlress the increasing confidence 
IS not so much tiue to the facts which an the pnnuiKo 
of the anatomist as those* which form the e\er}’da) 
experience of th(’ natuiahst of the* m<in who studie's 
animal form and change and instinct not m relation to 
the single mdoidual or the* single species, but in rebi 
tion to the whole* einironment and e speci.dK' tlie wc'irld 
of living organisms lIuxh'N's re‘s('ar( hes determined 
b\ the bent of his mind wen not of this kind, the\^ were 
physiological, anatomical *ind p, da< ontologu al lo use 
his sons words ‘It w.is the < nginee*ring side of nature* 
the unit) (»f plan (»f animal (onstruction we)rk<*d out m 
infinitely \ ar\ ing detail w hie h engrosse d him ' Again, 

' walking once w ith Hooker m the* Rhone wille) , w here* 
the grass w as ali\ (* with red and green grasshoj '|x‘r s Ik 
said, “I w(Kild gi\ e an\ thing lobe as mte*rested in them 
as you are ’ ^ 

It IS no wonde-r the refon , that as 1 1 u\le*\ s <*\|>c*rien( e 
was not that of the naturalist, the < onfideiu e* in Natural 
Selection of which i have* spoken was not for him 

I nejw' pre)jK)se te) draw )our attention to a 1« w examples 
of that adaptation which more than an\ thing else kept 
Darw'in orthodox, but in the* end furnished him wath the 

' / i/f and I ((ten of j // JiuxUy, \ol ii, 44 ) 

* 1 ' 443 
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strongest evidence in favour of his theory The illustra- 
tions will be chiefly selected from old subjects m which 
something new may still be found The examples must 
be limited, and therefore I propose to select them from 
a single Order of insects — the Lepidoptera, or butterflies 
and moths 

So))ie points in the Rt^eniblaute of Ihcttcrjlics to Dead 
Leaves 

One of the linest and best-known e\am[)les of conceal- 
ment lor the piirj)Oses of defence is found m the under- 
side coloration of buttiTllies of the genus Kaltinia, so 
graphic. dl) described In \V,dlac(‘ * \mong the most 
mt(Testmg details of the resemblance is aji oval transparent 
[)<itch on each fore-wing, which allows the light to pass 
through and produces the efiect of a hole m the a])parent 
de.ni le.if In another [)art of the fore-wing of Kal/nna 
the .ippearancc of a hole is [)ro(lu(f*d <is an artist \\ouId 
jiaiiU it, b) the use of wline })o(l\ -('olour Of these two 
methods loimd on the sam<‘ w mg tin* lormf r is undoubtedb 
the more resamt .ind more higld\ -spcci.di/ed method , lor 
when the transj)ar( nt ‘window is examined under the 
micros(:op(' sc.ittered opa([ii<‘ white scedes can still be 
seen m abiind.mce o\er its surbuo , not thickly placed so 
as to pi(\ent tlu* passage ol light but witnesses to an 
(sirlier and less [x rb ( t r( prcsMU.Uion ot light shining 
through a hoh' 

In main spec u s a hol< i^ suggested b^ means ot the 
morepimuti\( method aloiu (^lU'ot tlu' most rmuark 
abl(^ markings possesse (I b) an\ British insect is tluM\hite 
( or ' 1 . 0 mm. i’ on the under surl.KC' ot th(' hind-wing 
of the b'(»mina biitterlh. I^olyiionid [(r/apta) L-aibutn 
Many \ears ag(» 1 c.ime to the ('()n( lusion that it repre- 
sents, m bright, strongl)-r(‘tl(H ting ‘ IkxI) colour the 
light sliming through a semi cinadar leiit in a Iragment 
of dexid Ieaf--th(' rent [)roduc('d when a little segment of 
leaf has broken away along a (ur\ed line, but still remains 
connected wath the rest across the chord of the arc. 
Unless such a segment remains {)recisely in the plane 

' Lsiiiys OH Xoiutijl LoiiJon, ifct75* I'P 
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Note.— T he following statement formed part of the general mlroduc- 
Uon to the Anniversary Address The importance of the subject, and 
the very insufficient attention as yet directed to it, are my excuse for 
reproduang it in the present volume 

Before I proceed to the subject of my address there is 
one imjX)rtant point u[X>n which I feel bound to warn not 
only this Society, but other Scientific Societies as well. 
I refer to the endiirin^^ (pialities of the pa[>er on which 
scientific publications are often printed, and still more 
emphatically the ‘paper’ on which they arc often illus- 
trated I allude csjx^ciall) to the so-called ‘art pajxrs’, 
assuredly named on the principle ‘ ut Incus a non liicendo’ 
The opaque, \\hite, {xilished surface, which fields the 
most successful ‘ half tone ’ and ‘ thret'-colour ' printings, 
IS at present onl) possible by nusans of a vene(‘r of china- 
clay Dust It IS, and we <ir(‘ assiir(‘d b\ c\|K‘rts that not 
man) )ears will pass b\ lx fore it succumbs to the late 
which the highest <iiithoiit) tells us is in stoie for dust 
For the purposes of ad\ ei tis(‘m( nt this is no disadvaie 
tage the cmiic ma) (\(mi maintain ihattlu' wiiiingsof the 
present da) are, to the gieat Ixmelit of the human race, 
rccord(‘d upon a fitting nu dium Hut e) nicisin has no j)art 
in science, and e\ ( r) b\ How of this Socn t) will agr(X‘ that 
an age producing scKUUific n cords wliah cannot Ik made 
to endun , is an agr to Ix' riL,lul) sionud ij) the genera- 
tions of th( iuturr - scorned <is oiu* that sunk to the 
lowest l(wel of j>roduction. that, mt( lleCluallv, owing its 
ver) existeixa to tin nolih standard o ached b) da)s )et 
earlier, took tin lx m lits, ,uul dt'lil erat( 1) or (arelessly 
neglected m like rnanm r to .issist its sikmssois 

We have onl)' to relic c t upon tin par.i mount imj>ortaiu 
of tradition in order to rc ali/c tin wc ight of our rc sjxmsi- 
l)ilities Floyd Morgan, discussing the. trend of human 
development, speaks of a ' transfi n ncc of evolution from 
the individual trj the environnumt uhnh ‘ ma) l(*ave the 
faculty of the race at a standstill, while the dLtuevenunt^ 
of the race are j>rogressing by leaps and Ixiunds’’ Or, 
again, he contrasts tlie j^rogrcssive c\olulion of the 
intellectual and moral edifice of societ) with the ccs*>ation 

‘ Habit and ItaiiHii London, 1896 p j^o 
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of evolution, perhaps even the declining level of ‘ the 
human builders that contribute in each generation a few 
more stones to take a jiermanent place in its fabric 'd 
This great edifice was founded on oral tradition Later 
on written tradition, and still later printed tradition took 
Its place When Society comes to depend upon the one 
It m large part ceases to depend upon the others, and in 
changing its methods it is itself changed Contrast, for 
instance, the [)eriod in the life of each one of us when we 
ceased to remember the affairs of daily life and gave our 
memory into the keeping of ink and paper Although 
much was gained in the inevitable change, something was 
lost Until rcc(‘ntly then' ha\e been man) [)eople in this 
country, tlu‘r(' are probably a few now, who, unable to 
read or wTite, can remember the details of complicated 
accounts in a m, inner astonishing and im[)ossibl(* to those 
w ho f)ossess thesis arromplishnuMits \\\ see that when 
society m <iny .ige h.is conu' to dejiend upon printing it 
will be through printing and not in oth<Twa)s that it will 
contril)iit(‘ its chief share to the somal edifice and this is 
not a meie truism, for that agi'will ha\^ lost in large 
nu'asnri otlu'r j)owers which would ha\e dc'vc'lopt d m 
earln r times powers whic h would still dc‘\elop if ]jrinting 
ihd not ( \ist 

Our American frie luL, who (‘liter so tlioioughly into 
the ( ss( ntials of a subiee t wh(iu‘\er the\ direct their 
attention to it ha\e ne)t, so far as I am .iware, made 
ail) determined ittack upon this probh'm Indeed, the 
majeint)' e>( the* scie ntitie' works, whic'h the ) so freely and 
g< ne lousl) jelacf' at the* disposal of students in otlu'r lands, 
arc* jcrinted u[H)n malcrial I cannot call it pa|K*r— con- 
strue ted of the felte'd fragments of wood, er of a thin 
jiajUT backing overlaid .ind loaded with (.liina-cla) The 
latter class ar( abnormall) heav\.th(* fornu'r abnormally 
ii^it 

This is a matter so important that it ought not to be 
left to the IVcsidcnt of your Society to sound the warning 
It IS a matter which it would have been well if the Royal 
Society or the British Association had taken up years 

’ I «- P 345 
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This appears to me to be onl) a verbal chfficuk) 
Before attempting to prove whether a certain class of 
characters can be inherited, it is essential to be able to 
decide whether a given character which it is proposed to 
test belongs to the class If a satisfactory criterion can 
be reached we can proceed with the test even though the 
name ‘acquired ' be by our th'finition denied to the cha- 
racter after transmission b) inheritance The interest of 
the result would remain all the same If the character 
were there — appreciable, measurable, —the eflects w'ould 
be incalculable m their importance, and would not be 
diminished one i(Ua b) th(‘ consideratum that the nanu' 
would no longer appl\ Sir Edward Fry’s criticism d(’>es 
indeed suggest a change— soul 1 think a desirable change - 
in the statement of the probhun bor the (juestion ‘ Are 
acquired characters her(‘dit,u\ it wcnihl be more .iccurate 
to substitute 'Can the aisjuinsl Huiracters ol the paieiu 
be handed down as inhenuU (haraiters in the ollspnng ^ 

It IS in no wa\ ik cessar)' th.it the .KSjuired elements of 
a character should be disentangled Irom the mheri nt 
elements if onl\ we can pr(>\( that tin chara( t< r as .i 
whole Is de])endent iip(')n ('()ntrnllai)le ( \t( rnal cause 
and is theirtore its( It coiUiolIabh In la* t we spc .ik ol 
a character as ‘accjuircd iiist .is we sp< .ik of .in .irticle 
as 'manufactured althoiigli the m suit itself is .i c'omph'’' 
of the properties ot ii.ituia! subst.ince s and of changes 
introduces] b\ art ’ 

LamarLk \ StiO)id La:^ d ( on!) adu !io)i of hi\ ! n w' I.a:o 

Before k a\ mg the*sf general introduc tor) consider Uk )ns 
and proceeding to we*igh tlu evidemce olteTeal by the 
insect world it is ol impoitance to demonstrate th.ii them' 

IS an inconsiste nc\ m the teaching of E.imarik and his 
followers w hie h, startling as it is was ne \ < r noin e d until 
jxiinted out b\ Erofe^ssor I: R Eaiikesle i m iSqj 

‘Normal conditions of environment have for man) 

K)r <in intcre^ling discussioti on ihc, icUtioii l)clwt.cn 'acquired 
arid ‘ genetic ’ characters s» c Adam ‘^rdgvot k’'' I'rrsidcntial '■\ddrcS'' tu 
btclion I) of the Bnush Assxiation at Ejvrr {Rttnjrt on 7SQ-66) 

* Natuu vol h 1894 p to. It 
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thousands of generations moulded the individuals of 
a given species of organism, and determined as each 
individual developed and grew “ responsive ” ([uantities 
in Its parts (characters) , yet, as Lamarck tells us, and 
as vvc know, there is in every individual born a potentiality 
which has not been extinguished Change the normal 
conditions of the species in the case of a young individual 
taken to-day from the site wIktc for thousands of genera- 
tions Its ancestors have res[)onded in a [icriectly d( fined 
vva) to the normal and defined conditions ot emv ironrnent, 
reduce th(' dail) or the seasonal amount of solar radiation 
to which the null vicinal is ex[JOsed , or remove the aqueous 
vapour from the atmosphere or alter tlu. chemical com- 
f^osition of the pabulum accessible, or force the individual 
to [irevioiisl) unaccustomed muscular eltort or to new 
pre ssun's and strains , and (as Lamarck lads iis ()l)s('rve), 
in spitc' of all tlu‘ lon^-c oiuiniu d rc'spoiisi to tlu' earlier 
normal sprcifu conditioiu, the innatt' cong< nital [joten- 
ti,iht\’ shows Itself I'lu individual under tlu- new 
quantities o( environing agencu s shows utic responsive 
cjuantities in those* parts ot it') structure concerned, lu w 
or LU </uu td c haractc rs 

'So lar, so good What I amare k m \t a^ks 11 ^ to 
.iccept, as his ‘ second l.iw . s( ems not onlv to lack the 
su[)porto( c'xpermu ntal [U'oof but to be iiuonsisti ntwiih 
\shat has iiist prM_(‘(hd it I lu* lu w rharai ter, which is 
M as was the old character thuigth breadth, 

\wjight ol a jjari) winch it has replaced — a response to 
( nviromm lU a [Mrticulai moulding or mani[)ulaii(ui \>\ 
incident forc< s of tlu* pot« lUial congenital (jualitv ot tiu* 
race is accordiin^ to Lamarck. <ill of a suddem raisiai 
to e\traordinar\ pow<rs 1 lu iu‘w or tri'shlv aupiiri 1 1 
< haract< r is d^ Lia d bv L.imarck .nul his adlu rents to 
be (ap,il)le ol transmission b\ generarion , that is to say 
It alters the* potcmtial (diaracter ot the sjiecies It is no 
longer a iiuTelv re sponsive or reactive character, detcr- 
miiu*d (juantitati V ( 1\' b) cjuaiUitativ e conditions ot the 
environment, but becomes tixed .nul incorporated m the 
potential of th(* nice, so as to persist when other quanti- 
tative external conditions .ire siibstituteil lor lhos(‘ which 
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that the pre-localization in normal development of each 
half of the frog in one of the two first cells does not 
warrant the conclusion that such pre-localization is 
a fundamental or essential phenomenon For, as shown 
above, mere change of position will compel each of 
these two cells to manifest a far wader potentiality — 
the potentiality of the whole body instead of one of its 
hahes ddie most crucial test which could be applied 
to Roiiv’s conclusion would be not to injure but to 
remo\'e altogether one of the first two cells of the egg 
J his is unfortunatel) impossible in the case of the frog , 
for the single n maming c(‘ll collapses I'he c\|>eriment 
has, how’e\er, b(‘en successfully performed u[)on the egg 
of the newt { b\ I lerht/ka, who ‘ found that each 

blastomerc gives rise to a perfect, whoh' cmbr)o of hedf- 
size’ 'Thus wc se(* Moipaii concludes that uhate\(r 
the factors ma) lx that (l(‘t( rmme tin (le\ ( lopment of 
a single cmbr}ofrom the eyg, still (Mch half, and perhaps 
each fourth also, has the ]>ower ol producing a whole 
embr) o ^ W hen w e consider th(‘ (le\ ( lojjim nl of w nh l\ 
different .inimals we are hd to wuhl) dilterent con 
clusums J hiis ac(ording to Dm sell of tlu egg 
of an Echinodtrrn ( a-iiia hin) (<in undtugo at hast 
the })reparator\ stages (*1 ci>mpi(t< (hvflojunent 

It lias bun ^hown llial tlu plains of diMsion by 
which the pgg is cut up into ci IK nu) beai no iflation- 
ship what(\cr to tin position ot the luturf funbr^o 
l)i Jcnkinson h.is(\(n j-ro\Mi that dn pcsiiion of tin 
embr\o frog, altlioiigh pr<(hiMmiiKd in dn ( gg itsrdf, 

IS in\ertlvl(ss without m latnmship to tin dirtction of 
thf furrow whnh (iivnhslln egg into the lv\o first ( ells ' 
Returning to Diagram II the second division pro- 
duces the four cdls ol Stage 3, indicated b) the letters 

’ Dr I W penn oul -hai |>> .1 d(n(i! I'fot<vv.r 

7 H Alor^'^a/j (J < g 2j(>} n nf ifj( s.ikif/unat r i .1 ] 

inUcad of lilt Jitui ( ///C ;;) I It Uit/k c uu.; jajK oD , /i / KnfitiA 
Muh d Or-ani^Pi n j h(y6 j. {52 i\ ihr^; p 624 1 1 ) dost fiU 

tX|H_rimen(‘) upon Inion < nJd/us 

M c J- 226 

Ih tnebika, \ol p pis 1 and 11, ()a i^oe Rddio^n Uhn 

ihi nf th( and iht \ymm(iTy y iht Embry v in iht Eri^t^ 
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D to G. In one of these, F, the imalterod germ-plasm 
IS supposed to be carried on. The third division leads 
to Stage 4, with eight cells marked II to O, L being the 
carrier of the germ-plasm. Finally, the fourth and last 
division leads to the ultimate Stage 5, with sixteen 
bod) -cells indicated by P to W, the two cells of each 
pair being marked by the same letter VVe must also 
suppose that the minute mass of germ-plasm, \, grows 
and separates as a germ-cell or gcrm-cclls from either L 
or one or more of the somatic cells into which the latter 
divides 'I he four germ-cells of the adult Metazoon 
are then produced b) division These germ-cells are, 
therefore, similar to that which started development , 
they are, in fact, a piece of it, wLich has growm without 
iimhTgoing an\ essential alteration The four germ- 
cells will, therefore, tend to [^nxlucc* ofls[)rmg resembling 
tlu ir parents It must be borne in mind, however, that 
in actual d( \'elopment the precursors ol hitnre germ-cells 
become rec'ogni/abh as .1 dehnite group at a far f'arlnm 
stage than tluit shown in the diagram In ctTtain species 
e g Lytlops aiul the germ-antecedent has been 

traced .u almost tlu vers Ix'ginning ot development In 
Poveri has shown that on(‘ of the 
two cells lormed b) the first division of the egg con- 
tains the g( rm-.iiUc c( dents together with man) other 
j totentialitK s riiese latter are graduall) told oli in the 
succeMling divisions mud at the sixth, a single cell out of 
the si\ty-lour into which the egg is then divided is the 
precursor of tlu future* gcTui-cclls and germ-duct, but 
b< ars no otlu r |H)tenliaht\ * 

If, however some of th(* somatic cells becomes moditied 
from that naturt* which was predetermined in the germ- 
plasm of the ovum, there is no wa) in which the heredi 
tar) transmission ol such modifications can l>e explained b) 
the hyixjthesis of the contmuit) of the germ-plasm . for 
It docs not include an) means by which the eftects could 
be conve)ed to the germ-cells, or. if conveyed, could 
produce in them changes such as would predetermine 

' Kupffer's FfstSihri/t, Jeiu, 1S99 \> Du Enhcti um 

A scans mi^alactphah 
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j68 ; jaw-like legs of S African, 368 , 0 Salvin, 240 ; Rhynohota-Homo- 


majority of resemblances Mullerian 
and not Batesian, 348 
Behrens, T. T., capture of herm- 
aphrodite planemoides, female f. of 
Pap. (iardanus, by, 374 n 3. 

Belenois, attack of drongo on in- 
jured specimen of, 284 , the model of 
\set f of 7 eracolus fegina, 341 
*- Belenois sever ina, 31 1 , — thysa^ 

341. 

Bell, T R , on tilt of Alehutitts^ 
300 n 5 , on succulent larval food 
as the cause of wet season forms of 
butterflies, 341 

bellat?ix\ Calhoraiis.^ a distasteful 
moth seized and diopped by young 
drongo, 284 

Belt, T , on epigamic display of 
white patch by male Dismorphina^ 
240 

bemben/ormis, see trabrorii/o? rnn. 
366 

Bembcx^ species of, resemble other 
Hymenoptera m Australia, 278 
Berlin, P’lfth Intcinat Zool Congr 
at (1901), 271 

btrnhardus^ Pai^ u> us, carr) ing 
Sagartia par asitua, 356, 357 
bttularia, Auip/iidasu, colour of 
larva as example of acquired char- 
acter, 143, darkening of in Lanca- 
shire and Yorkshire district, 309 
Bibliotheca Zoologioa, Stuttgart, 
375 

bicotnis, Hymcnopus, a dower- 
like Mantis mimicry of bug by lar\ a 
of, 378 n 3 

bidentafa, Odontopera, colour ad- 
justment to lichen, dc, by larva of, 
306 

bifida, Duranura, cocoon of at- 
tacked by birds, 158, 1 59 
Biglow Papers, J K Lowell, 104 
bimaculata, Lepidiota, posterior 
end of, with eye-like spots resem- 
bling head of shrew-like mammal, 

368 

Bingham, T C , direct evidence of 
birds capturing butterflies obtained 
by, 283, 286-92 , on wings of butter- 
flies, &c , as pad in nests of Micro- 
hierax, 290, 291, 2910 i , on tilt of 
Melanitis, 289, 300 n 5 
Biologia Centrali- Americana, 

F D Godman and O Salvin , 
Rhopalooera, F. D. Godman and 


ptera. Canon W. VV. Fowler, 258 
(Fig 6), 259 

Biological stations needed in tropics, 
89,90 

Biometrika, 130 n 3 

Bionomics of South African 
Insects, G. A K Marshall, 282 

Bionomics I, in Colours of 
Animals, Enoycl Brit , E B 
Boulton, 293 

Birds (see also evidence and 
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enormous number of facts observed in many very 
different parts of the world. I believe that the generali- 
zations will be admitted to be sound and to be well 
warranted by the facts Under any theory which is not 
based upon selection, the whole of the facts on which 
the generalizations rest become mere coincidences and 
receive no explanation of any kind Under Natural 
Selection this vast body of facts becomes at once in- 
telligible Here the accumulated facts of the most 
diverse kind, which receive an intelligible explanation 
by the theory in question, yield a firm support to the 
theory There are many theories which are held upon 
indirect evidence of precisely the same nature. We 
believe in evolution, not because we see it taking place, 
but because of the immense number of observed facts 
which It renders intelligible. 

In the case of Natural Selection m relation to Mimicry 
and Common Warning Colours it is to be confidently 
hoped that direct evidence may yet be added , indeed, 
a considerable amount is even now forthcoming Pro- 
fessor Lloyd Morgan’s work ’ upon the activities and 
instincts of young birds of many species, proves, that 
their education is actually of the kind which is pre- 
supposed in the theories of H. W Bates and Fritz 
Muller He shows that they have no instinctive know- 
ledge of things which are good for food, but that they exam- 
ine and test everything On the other hand, they have 
excellent memories, and retain a firm impression of the 
appearance of objects which have given them an un- 
pleasant experience Furthermore, there was evidence 
that they are influenced in their behaviour towards 
other objects resembling the one which has proved ob- 
jectionable to them As to the aggressive Hymeno- 
ptera, the evidence of their special methods of defence 
IS obvious to every one With regard to specially pro- 
tected groups of butterflies there is a large amount of 
evidence from observation and experiment, but more is 
to be desired. Por positive results I may refer to Guy 


llahii and Jnstnut, London, 1896 
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A. K Marshall’s memoir already often quoted/ and to 
Prank Finn’s interesting and important set of papers 
especially devoted to this question - After a long series 
of experiments begun and conducted with a perfectly 
open mind, upon Indian insect-eating vertebrates, Mr. 
Finn supports the theories based upon Natural Selection 
in the following words 

‘ I conclude from these experiments — 

‘ I. That there is a general appetite for butterflies 
among insectivorous birds, even though they are rarely 
seen when wild to attack them 

‘ 2 That many, probably most species, dislike, if not 
intensely, at any rate in comparison with other butter- 
flies, the 'Avarningly-coloured ” Danaime, /UriEa violcr, 
Delias eucharis, and Papilio ari^tolochue , of these the last 
being the most distasteful, and the Danaime the least so. 

‘ 3 That the mimics of these are at any rate rela- 
tively palateable, and that the mimicry is commonly 
effectual under natural conditions. 

‘ 4, That each bird has to separately acquire its ex- 
perience, and well remembers what it has learned 

‘ Xhat therefore on the whole, the theory of Wallace 
and Bates is supported by the facts detailed in this and 
my former papers, so far as they deal with Birds (and 
with the one Mammal used) Professor Boulton’s sug- 
gestion that animals may be forced by hunger to eat 
unpalateable forms is also more than confirmed, as the 
unpalateable forms were commonly eaten without the 
stimulus of actual hunger — generally, alsOj I may add, 
without signs of dislike ’ 

Mr Finn concludes with some valuable suggestions as 
to the conduct of future experiments. 

The chief objection that has been raised against the 
theories of Bates and Pritz Muller, is the want of evi- 
dence that birds are m any important degree the enemies 
of butterflies. Many excellent observers have rarely 

’ Tram Ent Sol Lond , 1902, p 287 

® Journal, Asiatic Society of Bengal ^ Ixiv, pt 11, 1893 p 344 , Ixv, pt 11, 
1896, p 42 , Ixvi, pt II, 1897, p 528, anJ p 613 
’’ Ibid., Ixv], pt 11, 1897, pp 667-8. 
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Planma poggei. This black butterfly with a broad orange 
bar across the fore wing, and a white bar across the hind 
wing, appears to the east of the Victoria Nyanza, but has 
become far more dominant on the west shore, and thence 
extends to the west coast of the continent. The models 
overlap for some distance on both sides of the lake, and 
as far as Toro in Western Uganda. A new female form 
of P. dardamis, planenioides^ beautifully mimetic of the 
Planema, appears on the east side, becomes common on 
the west, and extends to the coast. I have specimens of 
the ceiiea female up to the north-eastern shore of the 
lake, but not beyond. If they occur at all, they probably 
quickly cease westward, and the form has never been 
seen anywhere near the West Coast. In tlie case just 
described, one very different model replaces the other, 
leading to an equally wide divergence between a mimetic 
form and its substitute It is more usual for the changes 
to be less abrupt, both models and mimics being replaced 
by closely allied representative species or sub-species. 
Thus we find the eastern Aniaurts niavins (form donum- 
canus), with an immense white patch, replaced on the west 
by A. niavius, with a considerably smaller white patch. 
The two sub-s[>ecies meet, as described on pp 68-9,011 
the eastern shores of the Victoria Nyan/a, and there 
interbreed, if we may so conclude from the number of 
intermediate examples Another of the mimetic females 
of Papiho dardanus [nicropt), the black and white 
hippocoon form, undergoes corresponding changes in 
pattern, and here, too, intermediate varieties are found in 
the neighbourhood of the lake. The equally beautiful 
Nymphaline mimic Hypolimnas (Euralia) wa/ilbergi o{ the 
east IS similarly replaced at about the same point by the 
closely allied H. anthedon with a smaller w hite patch Such 
examples might be multiplied almost indefinitely. Those 
here brought forward are, however, especially striking, 
being large insects with a bold and simple pattern. A 
succession of such replacements in an outlying member 
of a Mullerian combination, in correspondence with the 
successive changes in its other members, is described in 
the tropical American genus Proiogonius, on pp. 350-2. 
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It will be admitted that the above account may be taken 
as typical of the way m which Mullerian associations 
are scattered over a country, and of the changes which 
are witnessed as we follow them from one area into 
another There is nothing to lead us to believe that 
progressive unification will occur on any given area. 
Each tract has developed its own set of important com- 
binations The recognition of these, and a memory of 
the implied qualities, is the climax of one important side 
of the education of an insect-eatmg animal 

5 Seasonal Transition fiom Cryptic to Synaposeniatic 
Defence. — -The astonishing discover) by the irrefutable 
evidence of breeding, that Precis natalensis is the wet 
season form of P sesanins, is briefly described on p 208. 
The latter forms, with a highly procr)ptic under surface, 
were bred by Mr Marshall from wet season individuals, 
in which the conspicuous colours and pattern of the upper 
surface are reproduced, considerably heightened in effect, 
upon the under surface It is particularly interesting 
that upon both surfaces this wet season form should bear 
a general likeness to some of the larger red and black 
Acraeas fpiind in various parts of its wide ranged 
Although the shape of these broad-winged butterflies is 
very different from that of an Ac rata, I do not doubt 
that Mr. Marshall is correct in considering the resemblance 
roughly mimetic If we take different habits and modes 
of flight into account, it is difficult to believe that the 
resemblance would deceive a bird at any distance It 
might well, however, put the bird on its guard and lead to 
a cautious attack during which a special defence would be 
recognized by the enemy Hence it appears to be more 
reasonable to regard natalensis as a Mullerian than as 

' The present w liter was m erior in drawing a distinction between the 
basal whilt -marked black patch of the undei side in naiahnsis, and the 
black-marked light-coloured patch which occupies the same position in 
Acraeinae Although the foregoing is true of the great majority of 
African Acraeas possessing the marking, the particular large species (eg., 

A acara and A. anemosa), to which we must suppose that natalensis 
bears a general resemblance, exhibit a white-marked black basal patch. 
Compare Trans Ent Soc , Lond , 1902, pp 424-8, where the upper and 
under surfaces of natalensis are contrasted in detail 

Z 2 
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